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(57) Abstract 

A flat panel display having a backplate structure (330), a faceplate structure (320), and a spacer (340) situated between the two plate 
structures is configured so that the electric potential field along the spacer approximates the potential field that would be present at the same 
location in free space, i.e., in the absence of the spacer, between the two plate structures. Consequently, the presence of the spacer does 
not significantly affect the trajectories of electrons moving from the backplate structure to the faceplate structures. Alternatively, the spacer 
is arranged to produce electron deflection that largely compensates for undesired electron deflection which occurs during earlier electron 
travel from the backplate structure to the faceplate structure. The net electron deflection is small. 
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STRUCTURE AND FABRICATION OF FLAT PANEL DISPLAY WITH 
SPECIALLY ARRANGED SPACER 



5 CROSS REFERENCE TO RELATED APPLICATION 

This is related to International Application 
PCT/US97/11730, filed 16 July 1997. To the extent not 
repeated herein, the contents of International 
Application PCT/US97/1173 0 are incorporated herein by 
10 reference. 

FIELD OF THE INVENTION 

The present invention relates to the arrangement 
of one or more spacers between a faceplate structure 
15 and a backplate structure of a flat panel display of 
the cathode-ray tube (CRT) type. 

BACKGROUND OF THE INVENTION 

A flat panel CRT display is a thin, flat display 

2 0 which presents an image on the display* s viewing 

surface in response to electrons striking light 
emissive material. The electrons can be generated by 
mechanisms such as field emission and thermionic 
emission. A flat panel CRT display typically includes 
25 a faceplate structure and a backplate structure joined 
together by an outer wall along the periphery of the 
two plate structures. The resulting enclosure is 
usually held at a high vacuum, typically a pressure of 
10~ 7 torr or less. To prevent collapse of the display 

3 0 under the high vacuum, one or more spacers are 

typically located between the plate structures. 

Fig. l schematically illustrates a portion of a 
conventional flat panel CRT display 100. The 
components of display 100 include faceplate structure 
35 120, backplate structure 130, spacer wall 140, and 

voltage source 150. Although only one spacer wall 140 
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is shown in Fig. 1, display 100 includes additional 
such spacer walls . 

Faceplate structure 12 0 includes transparent 
electrically insulating faceplate 121 and light 
5 emitting structure 122 formed on the interior surface 
of faceplate 121. Light emitting structure 122 
typically includes light emissive elements, such as 
phosphors, which define the active region of display 
100. Faceplate structure 120 also includes an anode 
10 (not shown) adjoining light emitting structure 122 and 
connected to the positive (high voltage) side of 

__ volta 9 e .source 150. Backplate structure 13 0 consists . 

of electrically insulating backplate 131 and electron 
emitting structure 132 located on the interior surface 
15 of backplate 131. Electron emitting structure 132 
includes a plurality of sets 161-165 of electron 
emitting elements which are selectively excited to emit 
electrons . 

Various voltages are applied to the portions of 

20 electron emitting structure 132 during display 

operation. All of these voltages are normally very low 
compared to the voltage that the positive side of 
voltage source 150 provides to the display's anode in 
faceplate structure 120. As an approximation relative 

25 to light emitting structure 122 and the adjoining 

anode, electron emitting structure 132 can be viewed as 
connected to the negative (low voltage) side of voltage 
source 150. Fig. 1 schematically illustrates this 
connection. With the anode being held at a high 

30 positive voltage (e.g., 5 kV) relative to electron 

emitting structure 132, the electrons emitted by the 
electron emitting elements in sets 161-165 impinge on 
corresponding light emissive elements in the light 
emitting structure 122, causing the light emissive 

35 elements to emit light visible, at the exterior viewing 
surface of faceplate 121. 
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Spacer wall 14 0 is situated between the generally 
planar lower surface of light emitting structure 122 
and the generally planar upper surface of electron 
emitting structure 132. With spacer 140 being made of 
5 material having a largely uniform resistivity, the 
electric potential field (sometimes termed voltage 
distribution) along spacer 14 0 is approximately the 
same as the potential field that would be present at 
the same location in free space, i.e., in the absence 

10 of spacer 140, between plate structures 120 and 130. 
Except for electrons that strike spacer 140, the 
presence of spacer 14 0 does not significantly affect 
the movement of electrons from electron emitting 
structure 132 to light emitting structure 122. 

15 Fig. 2 schematically depicts a portion of another 

conventional flat panel CRT display 200. Except as 
described below, displays 100 and 200 are the same 
reference, similar elements being labeled with the same 
reference symbols. Baseplate structure 13 0 of display 

20 200 additionally includes electron focusing system 133 
consisting of focusing structures 133a-133f . One edge 
of spacer wall 140 contacts focusing structure 133a. 
The opposite edge of spacer 14 0 contacts light emitting 
structure 122. 

25 Focusing system 133 is electrically connected to 

the negative side of voltage source 150. As a result, 
focusing system 133 asserts repulsive forces on the 
electrons emitted from the electron emitting elements 
in sets 161-165. These repulsive forces direct or 

3 0 focus electrons toward the appropriate light emitting 
elements of light emitting structure 122 . 

With focusing system 133, specifically focusing 
structure 133a, being at the same potential as electron 
emitting structure 132, the potential field along 

35 spacer wall 140 is different from the potential field 
that would be present at the same location in free 
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space, i.e., again in the absence of spacer 14 0, 
between faceplate structure 12 0 and baseplate structure 
130, now including focusing system 133. This can- 
result in undesired deflection of electrons emitted 
5 from electron emitting elements close to spacer 14 0, 
e.g., the electron emitting elements in sets 161 and 
162 . It is desirable to arrange a spacer in a flat 
panel CRT display containing an electron focusing 
system so as to avoid undesirable electron deflection 
10 or to overcome undesired electron deflection that does 
occur. 

GENERAL DISCLOSURE OF THE INVENTION 

The present invention addresses the foregoing 
15 electron deflection concerns according to two basic 
approaches . 

In one of the approaches, the electric potential 
field along a spacer situated between a backplate 
structure and a faceplate structure of a flat panel 

2 0 display is controlled so as to approximate the 

potential field that would be present at the same 
location in free space, i.e., in the absence of the 
spacer, between the two plate structures even though a 
non-planar approximately equipotential surface is 
25 present at one or more major locations in the display. 
As a result, the presence of the spacer does not 
significantly affect the trajectories of electrons 
moving from the backplate structure to the faceplate 
structure. The spacer is, to a substantial degree, 

3 0 electrically transparent to the electron flow. 

Undesired electron deflection is largely avoided. 

More particularly, a flat panel display configured 
in accordance with the invention contains a backplate 
structure, a faceplate structure, and a spacer. In one 
35 aspect of the deflection-avoidance approach, the 
components of the backplate structure include a 
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backplate, an electron emitting structure, and a 
primary structure. The electron emitting structure 
overlies the backplate and has electron-emission sites 
situated generally in an emission-site plane. The 
5 primary structure, typically a focusing system for 
focusing electrons emitted by the electron emitting 
structure, likewise overlies the backplate. 

The primary structure has a non-planar 
approximately equipotential surface situated generally 
10 along the emission-site plane. The distance from the 
emission- site plane to the non-planar approximately 
equipotential surface varies between first and second 
values . 

The backplate structure has an electrical end 

15 located in an electrical-end plane extending generally 
parallel to the emission-site plane. The distance from 
the emission-site plane to the electrical-end plane for 
the backplate structure lies between the first and 
second values. The electrical nature of the 

20 electrical-end plane is that the capacitance between 

the faceplate structure and an electrically conductive 
plate situated at the electrical -end plane in a spacer- 
free region (i.e., a region having no spacer) extending 
along the primary structure typically approximately 

25 equals the capacitance between the faceplate structure 
and the backplate structure, including the primary 
structure, in the spacer- free region. 

The faceplate structure is coupled to the 
backplate structure to form a sealed enclosure. The 

3 0 spacer is situated between the two plate structures for 
resisting external forces exerted on the display. In 
particular, the spacer is normally situated between the 
primary structure and the faceplate structures. 

Importantly, the spacer has a backplate-side 

35 electrical end located approximately in the electrical- 
end plane for the backplate structure. With the spacer 
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situated between the primary and faceplate structures, 
the spacer's backplate-side electrical end is thus 
approximately coincident with the electrical end of the 
backplate structure. The coincidence is typically 
achieved by having the spacer extend into a recessed 
space in the primary structure. Due to this 
coincidence, the potential field along the spacer near 
the backplate structure is approximately the same as 
the potential field that would exist at the same 
location in free space between the two plate 
structures. Accordingly, the presence of the spacer 

-does .not, cause, the., electron, t ra j .ec.toxi.es. _to _Jbe 

significantly different from what they would be in the 
absence of the spacer. 

The arrangement of the spacer with respect to the 
faceplate structure can be handled in a similar way to 
how the spacer is arranged with respect to the 
backplate structure. In another aspect of the 
deflection-avoidance approach, the components of the 
faceplate structure include a faceplate, a light 
emitting structure, and a main structure. The 
faceplate has an interior surface situated largely in a 
faceplate plane. The light emitting structure overlies 
the faceplate along its interior surface. The main 
structure, typically an anode for attracting electrons 
emitted by the backplate structure, likewise overlies 
the faceplate along its interior surface. 

Similar to the primary structure in the first - 
mentioned aspect of the deflection-avoidance approach, 
the main structure has a non-planar approximately 
equipotential surface situated over the faceplate 
plane. The distance from the faceplate plane to this 
further non-planar approximately equipotential surface 
varies between further first and second values. 
35 Th e faceplate structure* has an electrical end 

located in a further electrical -end plane overlying, 
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and extending generally parallel to, the faceplate 
plane. The distance from the faceplate plane to the 
electrical -end plane for the faceplate structure lies 
between the further first and second values. The 
5 electrical nature of the electrical -end plane in this 
aspect of the deflection- avoidance approach is that the 
capacitance between the backplate structure and an 
electrically conductive plate situated at the 
electrical -end plane in a spacer- free region extending 

10 along the main structure typically approximately equals 
the capacitance between the backplate structure and the 
faceplate structure, including the main structure, in 
the spacer- free region. 

The spacer in this second aspect of the 

15 deflection-avoidance approach has a faceplate-side 

electrical end located approximately in the electrical - 
end plane for the faceplate structure. The spacer is 
normally situated between the main and backplate 
structures. Accordingly, the spacer's faceplate-side 

2 0 electrical end is approximately coincident with the 
electrical end of the faceplate structure. The 
coincidence of these two electrical ends is normally 
accomplished by arranging for the spacer to extend into 
a recessed space in the main structure. As a result of 

25 this coincidence, the potential field along the spacer 
near the faceplate structure is approximately the same 
as the potential field that would exist at the same 
location in free space between the two plate 
structures . 

30 In the other approach to solving the electron- 

deflection problem, a spacer situated between a 
backplate structure and a faceplate structure of a flat 
panel display is arranged to produce electron 
deflection that largely compensates for undesired 

35 electron deflection which occurs earlier during 

electron travel, from the backplate structure to the 
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faceplate structure. The net electron deflection is 
small, relatively close to zero. The backplate 
structure in the deflection-compensation approach 
contains a backplate, an electron emitting structure, 
5 and a primary structure configured as described above 
in the first aspect of the deflection-avoidance 
approach. The spacer in the deflection-compensation 
approach is again normally situated between the primary 
and faceplate structures . 
10 The spacer in the deflection-compensation approach 

has a backplate -side electrical end situated along the 
• - primary structure .at a location spaced apart from- the 
electrical-end plane for the backplate structure. In 
particular, the spacer's backplate -side electrical end 
15 typically overlies the electrical -end plane for the 

backplate structure and thus is further away from the 
emission- site plane than the electrical end of the 
backplate structure. The spacer is provided with 
compensation structure for controlling the potential 
20 field along the spacer so that electrons emitted by the 
electron emitting structure strike target areas on the 
faceplate structure rather than striking outside the 
target areas due to the spacer's backplate -side 
electrical end being spaced apart from the electrical - 
25 end plane for the backplate structure. The 

compensation structure is normally spaced apart from 
the spacer's backplate-side electrical end. 

In the deflection-compensation approach, a face 
electrode that forms at least part of the compensation 
30 structure is typically situated along a face surface of 
a main spacer portion of the spacer. The face 
electrode can extend largely to the spacer's faceplate- 
side electrical end. Alternatively, the face electrode 
can be situated between the two electrical ends of the 
iS spacer. Locating the face electrode in either of these 
two generally different positions enables the potential 
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field along the spacer near the face electrode to be 
modified in such a way as to produce electron 
deflection which compensates for undesired earlier 
electron deflection that results from the spacer's 
5 backplate-side electrical end being located above the 
electrical -end plane for the backplate structure . 

The corrective electron deflection caused by the 
-spacer's compensation structure may sometimes be 
insufficient to fully compensate for the undesired 

10 earlier electron deflection. If so, further 
compensation can be achieved by appropriately 
positioning the spacer with respect to the faceplate 
structure.. Specifically, the faceplate structure is 
again provided with the main structure described above. 

15 The spacer's 'faceplate-side electrical end is arranged 
to be spaced apart from the electrical -end plane for 
the faceplate structure in a way that assists the 
compensation structure in controlling the potential 
field along the spacer so as to produce a composite 

20 electron deflection that largely cancels the initial 

undesired electron deflection. Normally, the spacer's 
faceplate-side electrical end overlies the electrical- 
end plane for the faceplate structure and thus is 
further away from the faceplate plane than the 

25 electrical end of the faceplate structure. 

The present invention also furnishes techniques 
for manufacturing a flat panel display having a spacer 
arranged to largely avoid undesired electron deflection 
or to modify the local potential field so as to 

30 compensate for undesired electron deflection. In 

short, the invention enables electrons emitted by the 
electron emitting structure to accurately strike 
intended target areas in the faceplate structure. The 
invention thus provides a large advance over the prior 
35 art. 



* 

WO 99/36935 PCT/US99/01026 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 and 2 are schematic cross-sectional views 
of portions of conventional flat panel CRT displays. 
Fig. 3 is a schematic cross -sectional view of a 
5 portion of a flat panel CRT display in accordance with 
the invent ion . 

Fig. 4 is a graph of electric potential as a 
function of height at various locations in the flat 
panel display of Fig. 3. 
10 Figs. 5-7 are schematic cross-sectional views of 

portions of flat panel CRT displays which utilize 

_ spacers haying facA.electrMe_s_in..AccDrdance. with -the 

invention. 

Figs. 8-11 are side views of spacers employable in 
15 the flat panel display of Fig. 7. 

Fig. 12 is a schematic cross-sectional view of a 
portion of a flat panel CRT display which utilizes a 
spacer having a face electrode in accordance with the 
invention. 

20 Fig. 13 is a side view of the spacer used in the 

flat panel display of Fig. 12. 

Fig. 14 is a graph of electric potential as a 
function of height along the spacer of Figs 12 and 13 . 
Fig. 15 is a schematic cross-sectional view of a 
25 portion of a flat panel CRT display in accordance with 
the invention. 

Fig. 16 is a graph of electric potential as a 
function of height at various locations in the flat 
panel display of Fig. 15. 
30 Fig. 17 is a cross -sectional view of a portion of 

a flat panel CRT display which utilizes spacers having 
face electrodes arranged in accordance with the 
invention. 

Figs. 18a and 18b are perspective views of a 
35 portion of a faceplate structure for a flat panel CRT 
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display in accordance with the invention before and 
after mounting a spacer in the display. 

Fig. 19 is a cross-sectional view of the faceplate 
structure in Fig. 18b. 
5 Figs. 20a and 20b are perspective views of a 

portion of another faceplate structure for a flat panel 
CRT display in accordance with the invention before and 
after mounting a spacer in the display. 

Fig. 21 is a cross-sectional view of the faceplate 
10 structure of Fig. 20b. 

Fig. 22 is a cross-sectional view of a variation 
of the faceplate structure and spacer of Fig. 21. 

Fig. 23 is a cross -sectional view of a portion of 
a further flat-panel CRT display which utilizes spacers 
15 having face electrodes arrange in accordance with the 
invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following description, the term 

20 "electrically insulating" (or "dielectric") generally 
applies to materials having a resistivity greater than 
10 ohm-cm. . The term "electrically non- insulating" 
thus refers to materials having a resistivity below 10 12 
ohm- cm. Electrically non- insulating materials are 

25 divided into (a) electrically conductive materials for 
which the resistivity is less than 1 ohm-cm and (b) 
electrically resistive materials for which the 
resistivity is in the range of 1 ohm- cm to 10 12 ohm- cm. 
Similarly, the term "electrically non- conductive" 

3 0 refers to materials having a resistivity greater than l 
ohm-cm and includes electrically insulating and 
electrically resistive materials. These categories are 
determined at an electric field of no more than 10 
volts/nm. 

35 Each electrically non- insulating electrode 

described below has a resistivity of no more than 10 s 
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ohm-cm. Accordingly, electrically non- insulating 
electrodes can be formed with electrically conductive 
materials or/and electrically resistive materials of 
resistivity between 1 and 10 s ohm-cm. The resistivity 
5 of each electrically non- insulating electrode is 
normally no more than 10 3 ohm- cm. 

Examples of electrically conductive materials (or 
electrical conductors) are metals, metal -semiconductor 
compounds, and metal -semiconductor eutectics. 
10 Electrically conductive materials also include 

semiconductors doped (n-type or p-type) to a moderate 

or _hi_gh_leyel_. EZex:_tx.icallyL_x_es.i.s-t.i.ve--Tna.t.er-ial-s 

include intrinsic and lightly doped (n-type or p-type) 
semiconductors. Further examples of electrically 
15 resistive materials are cermet (ceramic with embedded 
metal particles) , other such metal -insulator 
composites, electrically resistive ceramics, and filled 
glasses. 

A spacer situated between a backplate structure 
and a faceplate structure of a flat panel CRT display 
as described below typically consists of (a) a main 
spacer portion, (b) a pair of edge electrodes that 
respectively contact the backplate and faceplate 
structures, and (c) possibly one or more face 
electrodes. The edge electrodes extend along opposite 
edges (or edge surfaces) of the main spacer portion. 
Each face electrode extends along a face surface of the 
main spacer portion. A face electrode may contact an 
edge electrode . 

The spacer has two electrical ends, referred to 
here generally as the backplate- side and faceplate- side 
electrical ends, in the immediate vicinities of where 
the edge electrodes respectively contact the backplate 
and faceplate structures. The positions of the 
spacer's two electrical ends relative to the physical 
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ends of the spacer at the two edge electrodes are 
determined in the following manner . 

When each, if any, face electrode is spaced apart 
from an edge electrode that extends along the entire 
5 edge of the main spacer portion, the corresponding 
electrical end of the spacer occurs at that edge 
electrode and therefore coincides with the 
corresponding physical end of the spacer. When a face 
electrode contacts an edge electrode again extending 

10 along the entire edge of the main spacer portion, the 
corresponding electrical end of the spacer is moved up 
the spacer toward the. other edge electrode by a 
resistively determined amount. Specifically, the 
spacer (including both edge electrodes and the face 

15 electrode) has a resistance approximately equal to that 
of a shorter spacer which has both edge electrodes but 
lacks the face electrode. The difference in length 
between the two spacers, i.e., the one having the face 
electrode and the shorter one lacking the face 

20 electrode, is the distance which the indicated 

electrical end of the spacer having the face electrode 
moves up that spacer away from the corresponding 
physical end. When two or more face electrodes contact 
an edge electrode extending along the entire edge of 

25 the main spacer portion, the electrical end of the 

spacer is moved up the spacer by a similarly calculated 
amount . 

When an edge electrode extends along only part of 
the edge of the main spacer portion and when each, if 

30 any, face electrode is spaced apart from that edge 
electrode, the corresponding electrical end of the 
spacer is moved beyond the physical end of the spacer 
by a resistively determined amount . When a face 
electrode contacts an edge electrode that extends along 

35 only part of the edge of the main, spacer portion, the 
corresponding electrical end of the spacer is either 
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moved up the spacer toward the other* edge electrode, or 
beyond the spacer, by a resistively determined amount 
depending on various factors. The distance by which 
the electrical and physical ends of the spacer differ 

5 in these two cases is determined according to the 
technique described in the previous paragraph. 

In certain embodiments of the invention, a spacer 
is described as being electrically transparent to the 
movement of electrons from the backplate structure to 

0 the faceplate structure. As so used, "electrically 
transparent" means that the potential field along the 

spacer is .approximately -the_same-as--the--pot-entia-l - field- 

that would be present in the absence of the spacer and 
in the absence of surface modification, such as a 

5 groove, made to accommodate the spacer. As used here, 
electrode potentials are surface potentials, including 
work functions, rather than voltage supply potentials. 

Fig. 3 illustrates a portion of a flat panel CRT 
display 3 00 in accordance with the invention. Display 

0 300 includes a faceplate structure 320, a backplate 

structure 33 0, a spacer 34 0, a voltage source 350, and 
an outer wall (not shown) . Although only one spacer 
340 is shown in Fig. 3, display 300 normally includes 
similar additional spacers. Voltage source 350 is a 

5 general power supply that furnishes various voltages 
(and currents) , including a high voltage used in part 
of faceplate structure 320. In addition to the taps 
shown in Fig. 3, voltage source 350 may have one or 
more other taps (not shown) for providing one or more 

0 further voltages (or currents) used in display 3 00. 
Faceplate structure 320 is formed with a 
transparent electrically insulating faceplate 321, 
typically glass, and a light emitting structure 322 
situated on the interior surface of faceplate 321. 

5 Light emitting structure . 322 , which contains light 

emissive material (not shown) , has an interior surface 
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302. Faceplate structure 320 further includes an anode 
(also not shown) connected to the positive (high 
voltage) side of voltage source 350 so as to be held at 
a high voltage typically in the range of 4 to 10 kV. 
5 Faceplate structure 32 0 is described further in U.S. 
Patent 5,477,105, hereby incorporated by reference. 

Backplate structure 330 consists of an 
electrically insulating backplate 331, an electron 
emitting structure 332, and a primary structure 333. 

10 Electron emitting structure 332, situated on the 

interior surface of backplate 321, includes a plurality 
of laterally separated sets 361-365 of electron 
emitting elements which are selectively excited to emit 
electrons. The electron emitting elements in sets 361- 

15 365 can, for example, be filamentary field emitters or 
conical field emitters. 

Similar to what occurs with electron emitting 
structure 132 in prior art flat panel CRT display 100 
or 200 described above, various voltages are applied to 

20 the portions of electron emitting structure 332 during 
operation of flat panel display 300. These voltages 
are all low compared to the voltage applied by the 
positive side of voltage source 350 to the display's 
anode. As an approximation relative to light -emitting 

25 structure 322 and the adjoining anode , • electron 

emitting structure 332 can be viewed as connected to 
the negative (low voltage) side of voltage source 350. 
Fig. 3 schematically illustrates this connection. As a 
result, electron emitting structure 322 is at 

30 approximately 0 volt. With the anode being at a high 
positive voltage (e.g., 5 kV) relative to the electron 
emitting structure 332, electrons released by the 
electron emitting elements in sets 3 61-365 are 
accelerated toward corresponding light emissive 

35 elements in light emitting structure . 322 . Backplate 
structure 33 0 is described further in U.S. Patent 
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5,686,790 and PCT Publication WO 95/07543, both 
incorporated by reference herein. 

Primary structure 333 here is an electron focusing 
system consisting of focusing structures 333a-333f 
5 located on the upper surface 301 of electron emitting 
structure 322. Each of focusing structures 333a-333f 
can be a separate structure that extends along the 
length of flat panel display 300. Alternatively, 
focusing structures 333a-333f can form a focusing grid 
10 which includes cross members not shown in Fig. 3. Such 
focusing structures are described further in U.S. 
Patents . 5 ,528 , 103 and. 5, 650 , 690, both- -incorporated by 
reference herein. In either case, focusing structures 
333a-333f, are connected to the negative side of 
15 voltage source 3 50 and are therefore at approximately 0 
volt in the example of Fig. 3. 

Spacer 340 is situated between light emitting 
structure 322 and focusing structure 333a. Other such 
spacers are similarly situated between light emitting 
20 structure 322, on one hand, and selected ones of the 
other focusing structures such as focusing structures 
3 33b- 333 f, on the other hand, provided that at least 
one focusing structure not contacting a spacer lies 
between each consecutive pair of focusing structures 
25 contacting spacers. For example, another spacer could 
contact focusing structure 333c but not focusing 
structure 333b. In a typical implementation, a spacer 
contacts every thirtieth focusing structure in focusing 
system 333 . 

B0 Spacer 340 consists of a main spacer portion 340a 

and a pair of electrically non- insulating edge 
electrodes 341 and 342 located at opposite edges of 
spacer 340. Edge electrodes 341 and 342 preferably 
consist of electrically conductive material, typically 

35 metal. Main spacer portion 340a can be shaped as a 

wall, a partial wall, a post, a cross, or a tee. Fig. 
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3 presents the exemplary situation in which spacer 
portion 340a is wall. Portion 340a typically consists 
of material having a largely uniform resistivity. 

Edge electrode 341 contacts focusing structure 
333a. Edge electrode 342 contacts light emitting 
structure 322. Edge electrodes 341 and 342 are 
typically metal. Spacer 340, including edge electrodes 
341 and 342, is described further in U.S. Patents 
5,675,212 and 5,614,781, both incorporated by reference 
herein. In flat panel display 300, edge electrodes 341 
and 342 form opposite electrical ends, referred to here 
respectively as the backplate-side and faceplate-side 
electrical ends, of spacer 340. 

Spacer 34 0 is positioned in a groove (recessed 
space) 3 05 located in focusing structure 333a. Groove 
305 typically has a depth of 2-15 ^m. Backplate-side 
edge electrode 341 contacts focusing structure 333a 
within groove 305.. The relatively high electrical 
conductance of edge electrode 341 causes the potential 
along the surface portion of focusing structure 333a at 
the bottom of groove 3 05 to be largely equal to the 
potential at the bottom edge of spacer 340. The depth 
of groove 305 is selected to make spacer 340 
electrically "disappear".. That is, the depth of groove 
3 05 is selected such that the potential field along 
spacer 34 0 is close to the potential field that would 
exist at the same location in free space, i.e., in the 
absence of spacer 34 0, between faceplate structure 320 
and backplate structure 33 0, including focusing system 
333. 

Fig. 4 is a graph 310 used to determine the 
approximate depth of groove 305 for flat panel display 
300. The vertical coordinate of graph 310 presents the 
electric potential inside display 300 for the 
representative average situation in which the potential 
along the exposed portions' of surface 301 of electron 
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emitting structure 33 2 is zero. With focusing system 
333 being at zero potential, the potential within* 
display 300 varies from zero at electron emitting 
structure 332 and focusing system 333 up to V at the 
display ! s anode in faceplate structure 320. The 
horizontal coordinate of graph 310 presents the height 
measured from surface 301. This height varies from 
zero at surface 301 up to h at surface 302 of light 
emitting structure 322 along the anode . In this 
regard, surface 3 02 is considered to be substantially 
coincident with the anode . 

Curve 311* in graph 310 roughly illustrates the 

potential along line 311 of Fig. 3. As depicted in 
Fig. 3, line 311 extends from surface 301 of electron 
emitting structure 332 to surface 302 of light emitting 
structure 322. Curve 311* shows that the potential at 
surface 301 along line 311 is zero, and that the 
potential at height h along line 311 is V. 

Curve 312* in graph 310 roughly illustrates the 
potential along line 312 of Fig. 3. As depicted in 
Fig. 3, line 312 extends from the top of focusing 
structure 333b to surface 302 of light emitting 
structure 322. The top surface of each of focusing 
structures 333b-333f is located at a height h s above 
surface 301. Height h s is 20-70 jim, typically 40-50 ^m. 
Curve 312* shows that the potential at height h s along 
line 312 is zero, and that the potential at height h 
along line 312 is V. Focusing structures 333c-333f 
exhibit approximately the same local potential fields 
as focusing structure 3 33b. 

As Fig. 4 shows, curves 311* and 312* converge to 
a straight common line 313*. Common line 313* has a 
slope greater than the average slope of curve 311* and 
less than the average slope of curve 312*; Dashed line 
314* illustrates the extrapolation of straight common 
line 313* to the horizontal axis of graph 310. Dashed 
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line 314* intersects the horizontal axis of graph 310 
at a height h e above surface 301. Height h e defines the 
electrical end of backplate structure 330, including 
focusing system 333. 
5 Common line 313* and dashed line 314* represent 

the average potential field in free space between 
faceplate structure 320 and backplate structure 330, 
including focusing system 333. Approximately the same 
potential field would be provided by an electrically 

10 conductive planar electrode (a) held at zero potential, 
(b) situated in parallel with surfaces 301 and 302 in a 
region of. display 300 encompassing at least one of 
focusing structures 3 3 3b- 3 33 f but having no spacers, 
and (c) located at height h e . 

15 In this regard, the capacitance between faceplate 

structure 32 0 and an imaginary electrically conductive 
(e.g., metal) plate located at height h e in a region of 
display 300 encompassing at least one of focusing 
structures 333b-333f but having no spacers is typically 

20 approximately equal to the capacitance between 

faceplate structure 32 0 and backplate structure 33 0, 
including focusing system 333, in the indicated spacer- 
free region of display 300. This is why height h e 
defines the electrical end of backplate structure 330. 

25 Assuming that no spacers contact focusing structures 
333b-333e, the spacer-free region of display 300 for 
purpose of this capacitance equality can, for example, 
be the region extending along focusing system 33 3 (a) 
from a vertical plane situated equidistant between 

30 focusing structures 333a and 333b to (b) a vertical 

plane situated equidistant between focusing structures 
333e and 333f . 

To make spacer 340 electrically disappear in the 
potential field present in the interior of flat panel 

35 display 300, the potential field along spacer 340 must 
be approximately the same as the potential field that 
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would exist at the same location in free space between 
faceplate structure 320 and backplate structure 330, 
including focusing system 333. Achieving this 
condition entails choosing groove 3 05 to be of such 
5 depth that edge electrode 341 at the backplate -side 
electrical end of spacer 340 is positioned largely at 
the electrical end of backplate structure 33 0. That 
is, edge electrode 341 is positioned largely at height 
h e so that the backplate-side electrical end of spacer 

10 340 is largely coincident with the electrical end of 
backplate structure 33 0. In this manner, edge 
electrode 341 causes the bottom, edge, of spacer 3-4.0 to- 
be largely at zero potential at height h e . The depth of 
groove 305 is approximately h s - h e here. The top edge 

15 of spacer 34 0 is maintained at potential V by 

faceplate-side edge electrode 342 which contacts the 
anode . 

With the resistivity of main spacer portion 340a 
being largely uniform, the potential field along spacer 

20 34 0 varies in an approximately linear manner from zero 
at height h e up to V at height h. The potential field 
along spacer portion 34 0a therefore largely matches the 
potential field that would exist in free space between 
plate structures 320 and 330. The identity (sameness) 

25 of these potential fields along most of spacer 34 0 

prevents undesired deflection of electrons emitted from 
electron emitting elements, such as those in set 361, 
near spacer 340. The degree to which spacer 340 is 
electrically transparent to the electron flow generally 

30 increases as the backplate-side electrical end of 
spacer 34 0 become closer to coincident with the 
electrical end of backplate structure 330. 

Fig. 5 schematically illustrates a portion of a 
flat panel CRT display 500 in accordance with a 

35 variation of the embodiment of Fig. 3. Because display 
500 is similar to display 300, similar elements in 
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Figs. 3 and 5 are labeled with the same reference 
symbols. In display 500, spacer 340 is modified to 
include electrically non- insulating face electrodes 343 
and 344. Face electrodes 343 and 344 preferably 
5 consist of electrically conductive material, typically 
metal. As shown in Fig. 5, face electrodes 343 and 344 
contact edge electrode 341 and extend partially over 
opposite face surfaces of spacer 340. The fabrication 
of face electrodes 343 and 344 is described further in 

10 Schmid et al, International Application PCT/US96/03640 , 
and Fahlen et al, International Application 
PCT/US94/00602, both incorporated by reference herein. 

Face electrodes 343 and 344 modify the electrical 
properties of spacer wall 34 0 such that the backplate - 

15 side electrical end of spacer 340 no longer coincides 
with backplate-side edge electrode 341. Face 
electrodes 343 and 344 result in the backplate-side 
electrical end of spacer 34 0 being moved up spacer 34 0 
to a spacer backplate-side electrical end plane 345. 

2 0 That is, spacer 34 0, including edge electrode 341 and 

face electrodes 343 and 344, has a resistance equal to 
the resistance exhibited by a slightly shorter spacer 
having an electrically conductive backplate-side edge 
surface, i.e., an electrically conductive backplate- 
25 side edge electrode, at electrical -end plane 345 but no 
face electrode (s) at electrical-end plane 345. 

As illustrated in Fig. 5, the depth of groove 305 
in display 500 is slightly deeper than the depth of 
groove 305 in display 300 of Fig. 3. The depth of 

3 0 groove 3 05 in display 500 is chosen such tliat spacer 

electrical end plane 345 largely coincides with the 
electrical end of backplate structure 33 0 at height h e . 
That is, the backplate-side electrical end of spacer 
34 0 and the electrical end of backplate structure 330 
35 are largely coincident. By locating spacer electrical - 
end plane 345 in this manner, the potential field along 
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most of spacer 340 in display 500 approximates the 
potential field that would exist at the same location 
in free space between faceplate structure 32 0 and 
backplate structure 33 0, again including focusing 
system 333 . 

Although Fig. 5 illustrates two face electrodes 
343 and 344, the same result can be obtained by using 
only one of face electrodes 343 or 344 . The use of one 
face electrode 343 or 344 can reduce the number of 
processing steps (and therefore processing costs) 
associated with fabricating spacer 340. 

: __Th_e electrical -j^d_ match flat 

panel display 300 or 500 can be explained from a 
somewhat different perspective that facilitates 
generalizing the electrical-end matching procedure. 
Referring to Fig. 3 or 5, the electron emitting 
elements in sets 361-365 emit electrons from electron- 
emission sites situated generally in an emission- site 
plane 303 located at a distance (or height) d b below 
surface 301 of electron emitting structure 332. In the 
example of Fig. 3 or 5 where the negative side of 
voltage source 350 is represented as being connected to 
electron emitting structure 332 along surface 3 01, a 
backplate -side non-planar approximately equipotential 
surface runs along the outside of focusing system 333 
down to surface 301. Hence, distance d b also represents 
the distance from emission-site plane 303 to the 
closest portions of the non-planar approximately 
equipotential surface of focusing system 333. 

Along its outside surface, focusing system 333 
consists of electrically conductive material that forms 
the backplate-side non-planar approximately 
equipotential surface. Inasmuch as this conductive 
material has some finite, though small, resistance, the 
potential along the outside of focusing system 333 can 
vary slightly from point to point. However, the 
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variation is insignificant insofar as the present 
invention is concerned. For this reason, the non- 
planar approximately equipotential surface along the 
outside of focusing system 333 is often referred to 
5 below simply as a non-planar equipotential surface, 

i.e., without using the qualifier "approximately". The 
same applies to other such non-planar approximately 
equipotential surfaces described below. 

The top surface of focusing system 333 is at a 

10 distance (or height) d s above emission-site plane 303. 

The non-planar equipotential surface of focusing system 
333 thus extends above emission-site plane 3 03 to a 
distance (or height) varying from d b to d s . Distance d s 
equals h s + d b in the example of Fig. 3 or 5 . Distance 

15 d b is typically on the order of 0.1 fim. Inasmuch as 

height h s is 20-70 ^im, typically 40-50 Jim, distance d b 
is quite small compared to height h s . Consequently, 
distance d s is approximately 20-70 fxm, typically 40- 
50 urn. 

20 The electrical end of backplate structure 33 0 in 

flat panel display 300 or 500 is located in a 
backplate- side electrical -end plane 3 04 extending 
largely parallel to emission-site plane 303 at a 
distance (or height) d e above emission-site plane 303. 

25 Distance d e equals h e + d b in the example of Fig. 3 or 
5. Since height h e lies between h s and zero, distance 
d e lies between d b and d s . 

Also, surface 302 of light emitting structure 322 
is at a distance (or height) d above emission site 

30 plane 303, where distance d equals h + d b . The 

potential field along spacer 340 can be explained in 
terms of distances d b , d e , d s , and d by simply shifting 
the horizontal coordinate of graph 310 of Fig. 4 by an 
amount equal to d b . This is illustrated by the 

35 parenthetical entries in Fig. 4. 
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As mentioned above, the various parts of electron 
emitting structure 332 in flat panel display 300 or 500 
are low in voltage compared to the voltage applied by 
the positive side of voltage source 350 to the anode. 
However, the voltages applied to the various parts of 
electron emitting structure 332 actually vary during 
display operation and are not constant as implied by 
the connection of the negative side of voltage source 
350 to electron emitting structure 332 in Fig. 3 or 5 . 
The exposed portion of surface 301 of electron emitting 
structure 332 is thus not actually an equipotential 
surface. 

A largely constant voltage is applied to the 
exposed electrically conductive surface of focusing 
system 333 as represented by the connection of the 
negative side of voltage source 350 to focusing system 
333 in Fig. 3 or 5 . Consequently, the exposed 
conductive surface of focusing system 333 is indeed a 
non-planar equipotential surface. Subject to 
decoupling the voltage applied to the exposed 
conductive surface of focusing system 333 from the 
voltages applied to the different parts of electron 
emitting structure 332, the potential field along 
spacer 340 near edge electrode 341 approximates the 
desired free-space potential field when the backplate- 
side electrical end of spacer 340 is largely located in 
backplate-side electrical -end plane 304 and thus is 
largely coincident with the electrical end of backplate 
structure 330. Since edge electrode 341 forms the 
backplate-side electrical end of spacer 340 in flat 
panel display 300, edge electrode 341 in display 300 
lies largely in electrical-end plane 304. For flat 
panel display 500 in which the backplate-side end of 
spacer 34 0 is located up spacer 34 0 spaced apart from 
edge electrode 341 due to the presence of face 
electrodes 343 and 344, spacer electrical-end plane 345 
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largely coincides with backplate-side electrical -end 
plane 3 04. 

In flat panel display 300 or 500 as modified to 
decouple the voltage applied to the exposed conductive 
5 surface of focusing system 333 from the voltages 
applied to the various parts of electron emitting 
structure 332, the exposed conductive surface of 
focusing system 333 may extend only partway down the 
sidewalls of focusing system 333. That is f a band of 

10 electrically non- conductive material, such as 

electrically insulating material, may extend from 
surface 301 partway up the sidewalls of focusing system 
333 to the electrically conductive material that forms 
the remainder of the exposed surface of focusing system 

15 333. Haven et al, International Application No. 
PCT/US98/09906, and Knall et al, International. 
Application PCT/US98/22761 , both incorporated by 
reference herein, describe examples of electron 
focusing systems configured in this manner. Distance d 5 

20 can then represent the distance from emission- site 
plane 303 to the bottom of the exposed conductive 
surface of focusing system 333. 

With the foregoing generalizations, distance d e to 
the backplate-side electrical end of spacer 340 still 

25 lies between d b and d s . The potential field along 

spacer 340 near edge electrode 341 then approximates 
the desired free-space potential field by again 
arranging for the backplate-side electrical end of 
spacer 34 0 to be largely located in electrical -end 

30 plane 304. 

Focusing system 333 can be replaced with another 
primary structure that does not significantly serve to 
focus electrons emitted by electron emitting structure 
332, provided that the exposed material of the 

35 replacement primary structure is electrically . 

conductive from its upper surface at least partway down 
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its sidewalls so as to form a non-planar approximately 
equipotential surface extending from distance d s above 
emission-site plane 303 to distance d b above plane 303. 
As an example, the replacement primary structure can be 
5 sufficiently far from the electron emitting elements of 
sets 361-365 that it does not significantly affect the 
trajectories of electrons emitted by the electron 
emitting elements. 

The backplate-side non-planar equipotential 

10 surface formed at the exposed conductive surface of 

focusing system 333, or its replacement, fully overlies 

emission- site plane 3 03 in. flat-panel- display- 3 00 or 

500 or in the variations of display 300 or 500 
described above. Alternatively, the non-planar 

15 equipotential surface provided by focusing system 333, 
or its replacement, can partially or fully underlie 
emission-site plane 303. For instance, spacer 340 and 
other such spacers can respectively extend into 
openings provided in electron emitting structure 332. 

20 In such cases, distance d b has a negative value. 

Distance d s may also be negative in value. Electrical- 
end plane 3 04 is still situated at intermediate 
distance d e relative to emission-site plane 303. 
Distance d e can thus be positive or negative depending 

25 on the values of distances d b and d s . Once again, the 
potential field along spacer 34 0 near edge electrode 
341 approximates the desired free -space potential field 
when the backplate-side electrical end of spacer 340 is 
largely located in electrical-end plane 304. 

30 Fig- 6 schematically illustrates a portion of a 

flat panel CRT display 600 in accordance with another 
variation of the embodiment of Fig. 3. Because display 
600 is similar to display 300, similar elements in 
Figs. 3 and 6 are labeled with the same reference 

35 symbols. Display 600 of Fig. 6 does not have a groove 
at the upper surface of focusing structure 333a. While 
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this advantageously reduces the cost of fabricating 
focusing system 333, the backplate-side electrical end 
of spacer wall 340 at edge electrode 341 is at height h, 
and thus is higher than the height h e of the electrical 
end of backplate structure 330. Consequently, an 
undesirable potential field exists near the interface 
of backplate-side edge electrode 341 and focusing 
structure 33 3a. 

More particularly, the potential at backplate-side 
edge electrode 341 is approximately zero, and thus is 
less than the desired potential at height h s . The 
potential field along spacer 34 0 near edge electrode 
341 is illustrated by minus (-) signs in Fig. 6 since 
the potential field along spacer 340 near edge 
electrode 341 is negative with respect to the desired 
potential field along spacer 34 0 near edge electrode 
341. Electrons emitted from electron emitting elements 
in set 361 are therefore initially deflected away from 
spacer 340 near edge electrode 341. 

To correct for this initial electron deflection, 
an electrically non- insulating face electrode 347 is 
located on a face surface of main spacer portion 340a 
adjacent to light emitting structure 322. Face 
electrode .347 preferably consists of electrically 
conductive material, typically metal. The width, 
measured vertically, of face electrode 347 is 20- 
100 jim. 

Face electrode 347 contacts edge electrode 342. 
As a result, face electrode 347 is held at voltage V. 
Because face electrode 347 extends partially down the 
face surface of spacer 340, face electrode 347 modifies 
the potential field along spacer 340 near light 
emitting structure 322. This potential field is 
illustrated by plus ( + ) signs near face electrode 347 
in Fig. 6 since the potential field near face electrode 
347 is positive with respect to the potential field 
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which would exist at the same location in the absence 
of face electrode 347. 

Face electrode 347 attracts electrons . Electrons 
deflected away from spacer 340 near edge electrode 341 
5 are therefore deflected back toward spacer 34 0 near 

face electrode 347. The width of face electrode 347 is 
selected such that the initial electron deflection 
caused by the positioning of edge electrode 341 above 
height h e is approximately canceled by the later 

10 electron deflection produced by face electrode 347. In 
this way, the use of face electrode 347 compensates for 

edge e lec t rode 341_at the backplate-si de electrical end 

of spacer 340 being higher than the . electrical end of 
backplate structure 33 0. 

15 As indicated above in the material dealing with 

how the locations of the spacer's electrical ends are 
determined and as discussed further below in connection 
with Figs. 17-23, the fact that face electrode 34 7 
contacts faceplate-side edge electrode 342 means that 

20 the faceplate-side electrical end of spacer 340 is 

moved away from edge electrode 342 and up (down in the 
orientation of Fig. 6) spacer 340 toward backplate-side 
edge electrode 341. Consequently, the faceplate-side 
electrical end of spacer 340 is typically moved away, 

25 or further away, from being approximately coincident 

with the electrical end of faceplate structure 320.- In 
essence, the non-coincidence of the electrical end of 
backplate structure 330 to the backplate-side 
electrical end of spacer 34 0 is compensated for by 

30 corresponding non-coincidence of the electrical end of 
faceplate structure 330 to the faceplate-side 
electrical end of spacer 34 0. 

Focusing system 333 of flat panel display 600 can 
be fabricated according to various techniques . . In 

35 display 600, focusing system 333 .typically consists of 
an electrically non- conductive base focusing structure 
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and an overlying electrically conductive focus coating 
that provides the backplate-side non-planar 
eguipotential surface for focusing system 33 3. 
Inasmuch as no groove need be provided along the upper 
5 surface of focusing system 333 for receiving spacer 

340, the non- conductive base focusing structure can be 
formed with a photo-patternable polymer using a 
frontside UV exposure technique. A suitable example of 
this technique is given in Knall et al, International 
10 Application PCT/US98/22761 , hereby incorporated by 

reference. The focus coating can also be formed as 
described in Knall et al . 

The embodiment of Fig. 6 can be modified in 
various ways. For example, face electrodes which 
15 contact edge electrode 342 can be formed on both face 
surfaces of spacer 340. In addition, edge electrode 
341 can be located in a groove formed in the upper 
surface of focusing structure 333a. The groove has a 
depth which causes edge electrode 341 at the baseplate - 
20 side electrical end of spacer 340 to be positioned 
above height h e . 

Similar to what was said about the electrical -end 
matching procedure for flat panel display 300 or 500, 
the electrical -end compensation procedure for flat 
25 panel display 6 00 can be explained from a somewhat 

different perspective that facilitates generalizing the 
electrical-end compensation procedure. The electron 
emitting elements in sets 361-365 of display 600 again 
emit electrons from electron-emissive sites situated 
30 generally in emission-site plane 303 located below 
surface 301 of electron emitting structure 332. A 
backplate-side non-planar approximately equipotential 
surface runs along the exposed electrically conductive 
surface of focusing system 333 in display 600 from 
35 distance d s above emission-site plane 303 to distance d e 
above plane 303. The electrical end of backplate 
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structure 33 0 in display 600 is located in backplate- 
side electrical -end plane 3 04 at distance d e above 
emission-site plane 303, where distance d e again lies 
between d b and d s . 

The voltage applied to the exposed conductive 
surface of focusing system 333 is typically decoupled 
from the voltages applied to the various parts of 
electron emitting structure 332 in flat panel display 
600. The voltage decoupling comments presented above 
with respect to display 3 00 or 500 apply to display 
600. Similarly, the exposed conductive surface of 
f ocusing system 333 _in, di_spla_y 600 may .extends only, 
partway down the sidewalls of focusing system 333. The 
backplate-side electrical end of spacer 340 in display 
600 occurs at distance d s above emission-site plane 303, 
and thus is located above electrical-end plane 304. 
Face electrode 34 7 of spacer 34 0 then controls the 
electron flow by compensating for the backplate-side 
electrical end of spacer 34 0 being located above 
electrical -end plane 3 04. The remarks made above about 
replacing focusing system 333 with a primary structure 
that does not significantly focus electrons apply to 
display 600. 

Fig. 7 schematically illustrates a portion of a 
flat panel display 700 in accordance with a variation 
of the embodiment of Fig. 6. Because display 700 is 
similar to display 600, similar elements in Figs. 6 and 
7 are labeled with the same reference symbols. In 
display 700, spacer 340 is modified to include an 
electrically conductive face electrode 346 located on a 
face surface of main spacer portion 340a spaced apart 
from edge electrodes 341 and 342. Face electrode 346 
has a width, measured vertically, of 1-300 jam, 
typically 5-100 jim, and typically consists of metal. 

Face electrode 346 is located at a height h f above 
surface 301. For the reasons presented above in 
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connection with -display 600 of Fig. 6, the potential 
field along spacer 340 near backplate-side edge 
electrode 341 in display 700 is more negative than the 
desired potential field along spacer 34 0 near edge 
5 electrode 341. A voltage V f is applied to face 

electrode 346 to largely correct for the relatively 
negative potential field adjacent to edge electrode 
341. Voltage V f is higher, i.e., more positive, than 
the potential which would otherwise exist at height h f 

10 in the absence of face electrode 346. 

Correction voltage V f can be provided to spacer 34 0 
in various ways. Figs. 8-11 illustrate four ways of 
generating voltage V f . 

Fig. 8 is a side view of. an embodiment of spacer 

15 340 suitable for flat panel display 700. Face 

electrode 346 extends in parallel with edge electrodes 
341 and 342 within the display's active region 360. 
Outside of active region 360, face electrode 346 
extends upward to contact an electrically conductive 

20 edge electrode 3 51 located on the same edge surface of 
main spacer portion 340a as edge electrode 342 but 
electrically isolated from edge electrode 342 by a gap. 
Edge electrode 351 is connected to a further voltage 
source 352 that furnishes correction voltage V f . With 

25 this arrangement of spacer 340, voltage V f provided by 
voltage source 352 is transmitted through edge 
electrode 351 to face electrode 346. Voltage source 
352 can be implemented as a tap on voltage source 350. 
Fig. 9 is a side view of another embodiment of 

30 spacer 340 suitable for flat panel display 700. In 
this embodiment, a first resistor 3 53 is connected 
between edge electrode 342 and edge electrode 351. A 
second resistor 354 is connected between edge electrode 
351 and edge electrode 341. Resistors 353 and 354 form 

35 a voltage divider. As previously described, edge 
electrode 342 is held at high voltage V, and edge 
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electrode 341 is held at approximately 0 volt. 
Consequently correction voltage V f at face electrode 346 
is maintained at a value between zero and V depending 
on the values of resistors 353 and 354. Resistor 354 
5 is typically a variable resistor which allows the 

voltage divider to be adjusted to provide voltage V f at 
an appropriate correction (or compensation) value. 
Again, voltage V f is controlled to largely correct for 
the relatively negative potential field along spacer 

10 340 adjacent to edge electrode 341. 

Fig. 10 is a side view of a third embodiment of 

.- - spacer, 34 0. suitable for flat panel display 700 . In - 
Fig. 10, face electrode 346 floats. That is, face 
electrode 34 6 is not connected to an electrical 

15 conductor that receives correction voltage V f . Edge 
electrode 342 extends along the entire upper edge 
surface of main spacer 34 0a. However, edge electrode 
341 extends only partway along the lower edge surface 
of main spacer portion 340a. Specif ically, edge 

20 electrode 341 extends only to the edge of active region 
360. The portion of edge electrode 342 extending 
beyond active region 360 causes the voltage of face 
electrode 346, i.e., correction voltage V f , to increase 
slightly such that resistive dividing cause voltage V f 

25 to become slightly closer to high voltage V applied to 
edge electrode 342 than would occur if edge electrode 
341 extended along the entire lower edge of main spacer 
portion 340a. Conversely, if it is desirable to lower 
correction voltage V f , edge electrode 341 is modified to 

3 0 extend along the entire lower edge surface of main 
spacer portion 340a, while the portion of edge 
electrode 342 extending beyond active region 360 is 
eliminated. 

Fig- 11 is a side view of a fourth embodiment of 
35 spacer 340 suitable for flat panel display 700. Spacer 
340 in Fig. 11 is a variation of spacer 340 in Fig. 10. 
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In spacer. 340 of Fig. 11, edge electrode 342 extends 
only to the edge of active region 360. An electrically 
conductive extension electrode 348 contacts edge 
electrode 342 at the edge of active region 3 60 and 
extends downward along the rear surface of main spacer 
portion 340a. The rear surface of main spacer portion 
34 0a is the face surface opposite to that on which face 
electrode 346 is located. Due to resistive dividing, 
the presence of extension electrode 34 8 causes 
correction voltage V f on face electrode 34 6 to reach a 
higher value than voltage V f would reach if edge 
electrode 341 extended all the way across the upper 
edge of main spacer portion 34 0a. By locating 
extension electrode 34 8 on the rear surface of main 
spacer portion 340a, arcing between extension electrode 
348 and face electrode 346 is inhibited. 

Fig. 12 schematically illustrates a portion of a 
flat panel CRT display 800 in accordance with a 
variation of the embodiment of Fig. 7. Because display 
800 is similar to display 700, similar elements in 
Figs. 7 and 12 are labeled with the same reference 
symbols. In display 800, spacer 340 includes an 
electrically non- insulating face electrode 370 similar 
tQ electrically conductive face electrode 346 of 
display 700. Face electrode 370 of display 800 is 
located on a face surface of main spacer portion 340a 
spaced apart from edge electrodes 341 and 342. The 
width, measured vertically, of face electrode 3 70 is 
30-150 urn. Face electrode 370 preferably consists of 
electrically conductive material, typically metal. 

Fig. 13 is a side view of spacer 340 in flat panel 
display 800. As indicated in Fig. 13, face electrode 
370 extends across the face surface of main spacer 
portion 340a in parallel with edge electrodes 341 and 
342. Face electrode 370 is not directly connected to 
an external voltage source. The lower edge of face 
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electrode 370 is located at a first height h x above (the 
lower surface of) edge electrode 341. The upper edge 
of face electrode 370 is located at a second height h 2 
above edge electrode 341. 
5 Fig. 14 is a graph 380 illustrating the 

approximate potential field along spacer 34 0 of flat 
panel display 800. Line 381 roughly illustrates the 
actual potential field along spacer 340. Line 382 
roughly illustrates the potential field which would 

10 exist along spacer 34 0 in the absence of face electrode 
370. Because face electrode 370 is electrically non- 

insulating , „pref erably electrically .conductive-, -the 

voltage along the height (or width) of face electrode 
3 70 from height h x to height h 2 is maintained at an 

15 approximately constant voltage V fe . 

Lines 3 81 and 3 82 in graph 380 both reach voltage 
V fe at a height h 3 above edge electrode 341. Below 
height h 3/ potential field 3 81 is positive with respect 
to potential field 382. In the region below height h 3/ 

20 spacer 340 which includes face electrode 370 thus 

exerts a greater attractive force on electrons than an 
otherwise identical spacer lacking face electrode 370. 
Above height h 3/ potential field 381 is negative with 
respect to potential field 382. In the region above 

25 height h 3/ spacer 340 therefore exerts a greater 
repulsive force on electrons than an otherwise 
identical spacer lacking face electrode 370. 

Electrons emitted from electron emitting elements 
in set 3 61 accelerate when traveling toward light 

30 emitting structure 322. Consequently, these electrons 
move relatively slowly near the electron emitting 
elements of set 361, and relatively fast near light 
emitting structure 322. Slower moving electrons are 
attracted or repelled more in response to the potential 

3 5 field along spacer 34 0 than faster moving electrons. 
Because the electrons emitted from the- electron 
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emitting elements in set 361 move more slowly below 
height h 3 than above height h 3/ the increased attractive 
force produced by face electrode 3 70 below height h 3 has 
a greater effect on these electrons than the increased 
repulsive force produced by face electrode 370 above 
height h 3 . The net effect is that the electrons emitted 
from the electron emitting elements in set 3 61 are 
slightly attracted toward spacer 340. As a result, 
face electrode 370 can be used to correct for the 
relatively negative potential field adjacent to edge 
electrode 341 along spacer 340. The net attractive 
force produced by face electrode 3 70 can be adjusted by 
varying heights h x and h 2 . 

As with the electrical -end compensation procedure 
for flat panel display 600, the electrical-end 
compensation procedure for flat panel display 700 or 
800 can be explained from a somewhat different 
perspective that facilitates generalizing the 
compensation procedure as applied to display 700 or 
800, Referring to Fig. 7 or 12, electron emission from 
the electron emitting elements in sets 361-365 of 
display 700 or 800 originates at electron-emissive 
sites situated generally in emission-site plane 303 
below surface 301 of electron emitting structure 332. 
Relative to emission-site plane 303, a backplate-side 
non-planar approximately equipotential surface runs 
along the exposed electrically conductive surface of 
focusing system 333 in display 700 or 800 from distance 
d s to distance d b . The electrical end of backplate 
structure 330 in display 700 or 800 is located in 
primary electrical -end plane 3 04 at intermediate 
distance d e . 

The remarks made above about decoupling the 
voltage applied to the exposed conductive surface of 
focusing system 33 3 from the voltages applied to the 
various parts of electron emitting structure 332 apply 
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to flat panel display 700 or 800. Likewise, the 
exposed conductive surface of focusing system 333 may 
extend only partway down its sidewalls in display 700 
or 800. Relative to emission-site plane 303, the 
5 backplate-side electrical end of spacer 34 0 in display 
700 or 800 is located at distance d s and thus again is 
situated above electrical -end plane 304. in display 
700, face electrode 34 6 is located at a distance (or 
height) d f above emission-site plane 303, where distance 
10 d f equals h f + d b . With face electrode 346 or 3 70 being 
appropriately positioned and being provided with an 
appropriate control potential, face electrode 346 or 
370 controls the electron flow by generating a local 
potential field that compensates for the backplate-side 
electrical end of spacer 34 0 being located above 
electrical-end plane 304. The remarks dealing with 
replacing focusing system 333 with a primary structure 
that does not significantly focus electrons apply to 
display 700 or 800. 

As mentioned above, the non-planar equipotential 
surface provided by focusing system 333, or its 
replacement, can partially or fully underlie emission- 
site plane 303. Fig. 15 schematically illustrates a 
portion of a flat panel CRT display 900 in accordance 
25 with such a variation of the embodiment of Fig. 5. 

Because display 900 is similar to display 500, similar 
elements in Figs. 5 and 15 are labeled with the same 
reference symbols. 

A primary structure 334 consisting of one or more 
30 primary portions overlies backplate 331 in flat panel 
display 900. Two such primary portions 334a and 334b 
are shown in Fig. 15. Primary portions 334a and 334b 
can be spaced laterally apart from each other, or can 
be connected to each other at one or more locations 
35 outside the plane of Fig. 15. Primary structure 334 in 
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display 900 replaces focusing system 333 in display 
300. 

In the example of Fig. 15, primary structure 334 
laterally adjoins material of electron emitting 
structure 332. However, primary structure 334 can be 
spaced laterally apart from electron emitting structure 
332. Also, instead of being situated directly on 
backplate 331 as shown in Fig. 15, primary structure 
334 can be situated on part of electron emitting 
structure 332 above backplate 331. Furthermore, 
primary structure 334 can consist of material at least 
partially common with the material of electron emitting 
structure 332. 

The upper surface of primary surface 334 is 
illustrated in Fig. 15 as being largely coplanar with 
the upper surface of electron emitting structure 332. 
Nonetheless, the upper surface of primary structure 3 34 
can be significantly closer to, or significantly 
further away from, backplate 331 than the upper surface 
of electron emitting structure 332. Regardless of the 
vertical relationship between the upper surfaces of 
primary structure 334 and electron emitting structure 
332, the upper surface of primary structure 334 is at 
distance d b away from emission-site plane 303. The 
upper surface of primary structure 334 can overlie 
emission-site plane 3 03 so that distance d b is positive 
in value as depicted in Fig. 15, or underlie plane 303 
so that distance d b is negative in value. 

Recessed spaces 3 06a and 3 06b are respectively 
provided in primary portions 334a and 334b along from 
their upper surfaces starting at distance d b above 
emission-site plane 303. The bottom of each of primary 
portions 334a and 334b is at distance d s below plane 
303. The value of distance d s is thus negative in Fig. 
15 . 
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A backplate-side non-planar approximately 
equipotential surface runs along the upper surfaces of 
portions 334a and 334b of primary structure 334, 
extends fully down the sidewalls of recessed spaces 
306a and 306b, and typically extends across the bottoms 
of recessed spaces 306a and 306b. Consequently, the 
backplate-side non-planar equipotential surface extends 
from distance d^ away from emission- site plane 3 03 to 
distance d s away from plane 303. Since distance d b is 
positive in the example of Fig. 15, the backplate-side 
non-planar equipotential surface partially overlies and 

...partially underlies .-emission-site plane- 3 03 in -the 

illustrated example. When distance d b is negative so 
that the upper surface of primary structure 334 
underlies plane 303, the backplate-side non-planar 
equipotential surface fully underlies plane 303. The 
backplate-side non-planar equipotential surface is 
formed by a layer of electrically conductive material. 

The negative side of voltage source 350 is 
connected to primary structure 334 in order to provide 
a desired voltage to the backplate-side non-planar 
equipotential surface along the upper surface of 
structure 334. Consistent with how Fig. 5 is 
illustrated, Fig. 15 shows the negative side of voltage 
source 350 as being connected to electron emitting 
structure 332 since the voltages applied to electron 
emitting structure 332 and primary structure 334 are 
very low compared to the voltage applied by the 
positive side of voltage source 350 to the display's 
anode. However, similar to what was said above about 
decoupling the voltage applied to focusing system 333 
from the voltages applied to the various parts of 
electron emitting structure 332, the voltage applied to 
primary structure 334 in display 900 is typically 
decoupled from the voltages applied to the parts of * 
electron emitting structure 332. Although the voltage 
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provided from the negative side of voltage source 350 
is roughly the average voltage present in the various 
parts of electron emitting structure 332 , the negative 
side of voltage source 350 is not actually connected to 
electron emitting structure 332. 

Backplate structure 330 in Fig. 15 has an 
electrical end situated at distance d e below emission- 
site plane 303. With distance d e being of negative 
value here, the electrical end of backplate structure 
330 is again located in backplate -side electrical-end 
plane 304. Similar to what was said above about the 
electrical end of backplate structure 33 0 in display 
3 00, the capacitance between faceplate structure 320 
and a plate situated at emission-site plane 304 in a 
spacer-free region along backplate structure 330 (e.g., 
along at least primary portion 334b) is typically 
approximately equal to the capacitance between 
faceplate structure 320 and backplate structure 330, 
including primary structure 334, in the indicated 
spacer- free region. Assuming that no spacer contacts 
primary portion 334b, the indicated spacer-free region 
of display 900 for purpose of this capacitance equality 
can, for example, be the region extending along primary 
structure 334 (a) from a vertical plane situated 
equidistant between primary portions 334a and 334b to 
(b) a vertical plane situated the same distance to the 
right of primary portion 334b. 

Spacer 340 of flat panel display 900 is situated 
between faceplate structure 322 and primary portion 
334a. As in display 500, spacer 340 consists of main 
spacer portion 340a, edge electrodes 341 and 342, and 
face electrodes 343 and 344 that contact backplate-side 
edge electrode 341. The backplate-side end of spacer 
340 extends into recessed space 306a. The 
characteristics of face electrodes 343 and 344 are * 
chosen in such a manner that the backplate-side 
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electrical end of spacer 340 is approximately at - 
distance d e below emission-site plane 303. Hence, the 
backplate-side electrical end of spacer 340 lies 
largely in electrical -end plane 3 04 and is largely 
coincident with the electrical end of backplate 
structure 330. Due to this coincidence, the potential 
field along spacer 34 0 near edge electrode 341 closely 
approximates the potential field that would exist at 
the same location in free space, i.e., in the absence 
of spacer 340, between faceplate structure 320 and 
backplate structure 330, including primary structure 
334. At least in the vicinity of edge electrode 341, 
spacer 34 0 is therefore largely electrically 
transparent to the movement of electrons from electron 
emitting structure 332 to light emitting structure 322. 

Fig. 16 is a graph 315 employed to determine 
distance d e for flat panel display 900. Graph 315 is an 
analogous to graph 311 utilized to determine height h e , 
and thus distance d e , for display 300. Similar to graph 
311, the vertical coordinate for graph 315 presents the 
electric potential inside display 900 for the 
representative situation in which the voltage provided 
for the backplate-side non-planar equipotential surface 
of primary structure 334 is zero. The potential within 
display 900 thus varies from zero at primary structure 
334 to V at the anode adjoining light emitting 
structure 322. The horizontal coordinate of graph 315 
presents the distance measured from emission- site plane 
303. This distance varies from zero at plane 303 to d 
at surface 302 of light emitting structure 322. 

Curves 316* and 317* in graph 315 respectively 
roughly represent the potentials along lines 316 and 
317 of Fig. 15. Lines 316 and 317 both originate at 
the backplate-side non-planar equipotential surface of 
primary structure 334 where the potential is zero, and 
terminate at surface 302 of light emitting structure 
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322 adjacent to the display's anode. Lines 316 and 317 
differ in that line 316 originates at distance d e at the 
top of primary structure 334 whereas line 317 
originates at distance d e at the bottom of recessed 
5 space 3 06b. The potential represented by curve 316* 
thus goes from zero at distance d b to V at distance d. 
In contrast, the potential represented by curve 317* 
goes from zero at distance d e to V at distance d. 

With curves 316* and 317* both reaching potential 

10 V at distance d, they converge to a common line 318* of 
constant slope . Dashed line 319* in graph 315 
represents the extrapolation of straight line 318* to 
the horizontal axis of graph 315. The combination of 
lines 318* and 319* illustrates how the potential would 

15 vary in free space between two capacitive plates, one 
located at electrical-end plane 304, and the other 
located at surface 302 of light emitting structure 322. - 
Consequently, the intersection of line 319* with the 
horizontal axis of graph 315 defines distance d e . 

2 0 Fig. 17 illustrates a portion of an implementation 

650 of a composite of flat-panel displays 600 and 700 
of Figs. 6 and 7. Three largely identical internal 
spacers are shown in Fig. 17. One of the spacers is 
labeled 34 0 in flat panel CRT display 65 0 and contains 

25 both face electrode 347 of display 600 and face 

electrode 346 of display 700. Subject to this, similar 
elements in Figs. 6, 7, and 17 are labeled with the 
same reference symbols . 

Electron emitting structure 332 in flat panel 

30 display 650 consists of a lower electrically non- 
insulating emitter region 366, a dielectric layer 367, 
a group of generally parallel control electrodes 368, 
and a two-dimensional array of sets of electron 
emitting elements of which sets 361 and 362 are labeled 

35 in Fig. 17. Lower non- insulating region 3 66, which 

lies on the interior • surface of backplate 331, contains 
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a group of generally parallel emitter electrodes - 
extending in the row direction, i.e., the direction 
along the rows of picture elements (pixels) in display 
650. The row direction is perpendicular to the plane 
of Fig. 17. Two emitter electrodes 371 and 372 are 
labeled in Fig. 17. Emitter electrodes 371 and 372 
respectively underlie sets 361 and 362 of the electron 
emitting elements. Non- insulating region 50 normally 
also includes an electrically resistive layer (not 
shown) overlying the emitter electrodes. Dielectric 
layer 367 overlies non- insulating region 366. 

. _ c 9 nt _ r 9_ 1 electrodes 3 68_ .lie. _on .top. of dielectric - 
layer 367. Each control electrode 368 consists of (a) 
a main control portion 374 extending in the column 
direction, i.e., the direction along the columns of 
pixels in display 650, and (b) a set of thinner gate 
portions adjoining main control portion 374. Two gate 
portions 3 75 and 3 76 are labeled in Fig. 17. A set of 
control apertures respectively corresponding to the 
gate portions of each control electrode 3 74 extend 
through that control electrode 374. Each gate portion, 
such as gate portion 3 75 or 376, spans one of the 
control apertures. Fig. 17 illustrates one control 
electrode 368, the column direction extending 
horizontally, perpendicular to the plane of the figure. 

Each electron emitting element is situated in -a 
corresponding opening through dielectric layer 367 down 
to non- insulating region 366 at the location for one of 
the emitter electrodes, such as emitter electrode 371 
or 372, and is exposed through a corresponding opening 
in the overlying one of the gate portions, such as gate 
portion. 375 or 376. The openings through dielectric 
layer 367 and the gate portions are not shown 
explicitly in Fig. 17. The two-dimensional array of 
sets of electron emitting elements, such as sets 361 
and 362, are defined by the sidewalls of the control 



WO 99/36935 PCT/US99/01026 



apertures through main control portions 374. The 
electron emitting elements are illustrated 
qualitatively in Fig. 17. In a typical implementation, 
the electron emitting elements are generally shaped as 
5 upright cones or sharpened filaments. 

Focusing system 333 is situated on control 
electrodes 368, specifically main control portions 374, 
and on parts (not shown in Fig. 17) of dielectric layer 
367. As viewed perpendicular to the interior surface 
10 of backplate 331, focusing system 333 is configured 
generally in a waffle-like pattern. Focusing 
structures 333a and 333b and the other focusing 
structures that form focusing system 333 are connected 
together outside the plane of Fig. 17. 
15 Focusing system 333 consists of a base focusing 

structure 378 and an electrically conductive focus 
coating 379 that lies on top of base focusing structure 
378 and extends partway down its sidewalls into 
apertures 335 through focusing system 333. One set of 
20 the electron emitting elements, such as set 361 or 362, 
is exposed through each different focus aperture 335. 
Base focusing structure 378 is formed with electrically 
insulating and/or electrically resistive material. 

Focus coating 379 forms the backplate -side non- 
25 planar equipotential surface of focusing system 3 33 in 
flat-panel display 650. Since focus coating 379 
extends only partway down the sidewalls of base 
focusing structure 378, the -backplate -side non-planar 
equipotential surface in display 650 does not extend 
30 down to electron emitting structure 332. Distance d b 
from emission-site plane 303 to the lower edge of the 
backplate -side non-planar equipotential surface thus 
extends upward beyond the upper -surf ace of electron 
emitting structure 332 in Fig. 17. The negative side 
35 of voltage source 350 (not shown in Fig. 17) is 

connected to focus coating 379 at one or more locations 
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outside the cross section shown in Fig. 17 so as to 
establish a desired focus potential, typically 0 volt, 
on focus coating 379. 

In Fig. 17, backplate-side edge electrode 341 of 
5 spacer 34 0 is shown as extending into an optional 

groove (recessed space) 307 provided along the upper 
surface of focusing structure 333a. Specifically, 
groove 307 is formed in the portion of focus coating 
379 at the top of focusing structure 333a. In turn, 
10 the portion of focus coating 379 that defines groove 
307 overlies a corresponding groove in base focusing 

structure 3 78 . .. : __ _ ...... 

Groove 3 07 can, when present, be formed by 
creating a groove in base focusing structure 378 along 
15 its upper surface at the desired location for groove 
307 and then forming focus coating 379 over base 
focusing structure 378. Alternatively, groove 307 can 
be partially or wholly formed as a result of the force 
exerted by spacer 340 on focusing structure 333a when 
20 spacer 34 0 is inserted between plate structures 320 and 
33 0 during display assembly. For the case in which 
groove 3 07 is substantially absent or arises wholly due 
to the force exerted by spacer 340 on focusing 
structure 333a during display assembly, further 
25 information on the fabrication of components is 

presented in Haven et al, International Application 
PCT/US98/09907, the content of which are incorporated by 
reference herin, and Knall et al. International 
Application PCT/US98/22761 , cited above. In any event, 
30 groove 307 is not deep enough for the backplate-side 
electrical end of spacer 340 at edge electrode 341 to 
be largely coincident with the electrical end of 
backplate structure 330. As Fig. 17 shows, edge 
electrode 341 lies above electrical-end plane 304. 
3 5 The presence of backplate-side edge electrode 341 

in groove 3 07 does cause the potential field along 
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spacer 34 0 near edge electrode 341 to be modified 
towards the potential field that would exist at the 
same location in free space between faceplate structure 
320 and backplate structure 33 0, including focusing 
5 system 333. However, the potential field along spacer 
340 near edge electrode 341 in display 650 does not 
substantially reach the potential field that would 
exist in the same location in free space between plate 
structures 320 and 330. Accordingly, spacer 340 in 

10 display 650 does cause some undesired initial electron 
deflection. Face electrodes 346 and 347 modify' the 
potential field along spacer 34 0 near where they are 
located so as to produce oppositely directly electron 
deflection which, in the manner described above, 

15 largely corrects for the initial undesired electron 
deflection. 

Alternatively, one of face electrodes 34 6 and 347 
can be deleted in display 650. The resulting flat 
panel CRT display is then an implementation of display 

20 600 if face electrode 346 is deleted, or an 

implementation of display 700 if face electrode 347 is 
deleted. As a further alternative, face electrodes 346 
and 347 can both be deleted in display 650 provided 
that the depth of groove 3 07 is increased sufficiently 

25 to enable backplate -side edge electrode 341 to lie in 
electrical-end plane 304. In this case, the resulting 
flat panel CRT display is an implementation of display 
300. Groove 307 effectively becomes groove 305 in 
display 3 00. 

3 0 As in flat panel display 600 and 700, focusing 

system 333 in flat panel display 650 can be replaced 
with another primary structure that does not 
significantly focus electrons emitted by electron 
emitting structure 332. Likewise, the backplate-side 

3 5 non-planar equipotential surface provided by focus 

coating 379 of focusing system 333, or its replacement, 
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can partially or fully underlie emission-site plane 303 
in display 650. The variations of Fig. 15 can. thus be 
applied to display 650 . 

Returning to flat panel display 650 as shown in 
5 Fig. 17, light emitting structure 322 consists of a 
two-dimensional array of phosphor light emissive 
elements 385 and a black matrix 386. Light emissive 
elements 387 are situated on the interior surface of 
backplate 321 respectively across from the sets, such 

10 as sets 361 and 362, of the electron emitting elements. 
Black matrix 386 overlies the interior surface of 

backplate 321 in the waffle -like space between- light - 

emissive elements 385. The display's anode consists of 
an electrically conductive light reflective layer 3 87 

15 situated on light emissive elements 70 and black matrix 
387. Further information on typical implementations of 
components 3 85 - 387 is presented in Haven et al, 
International Application PCT/US98/07633 , hereby 
incorporated by reference. 

20 Electrical-end matching similar to that described 

above for the backplate side of a flat panel CRT 
display containing one or more internal spacers 
situated between the faceplate and backplate structures 
of the display can be performed on the faceplate side 

25 of the display. Figs. 18a and 18b perceptively 

illustrate an embodiment of faceplate structure 320 
configured to achieve faceplate-side electrical-end 
matching. Fig. 18a depicts how faceplate structure 320 
appears before anode 387 is formed and thus before 

30 spacer 340 is brought into contact with anode 387. 

Fig. 18b shows the situation after anode 3 87 is formed 
and spacer 340 is contacted with anode 397. Fig. 19 
presents a cross section of faceplate structure 320 and 
spacer 34 0 of Fig. 18b taken along the vertical plane 

35 indicated by arrow 19 in Fig. 18b. In Figs. 18a, 18b, 
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and 19, faceplate structure 320 is upside down from 
that shown in the previous figures . 

Faceplate structure 320 in Figs. 18a, 18b, and 19 
provides a color image on the exterior viewing surface 
5 of faceplate 321. The letters "R", "G" , and "B" 

attached to electron emissive elements 385 in Fig. 18a, 
18b, and 19 indicate phosphors that respectively emit 
red, green, and blue light. Each color pixel consists 
of three light emissive elements 3 85 in adjoining 

10 columns. 

Spacer 340 in Figs. 18b and 19 contains face 
electrodes 34 6 and 347 in addition to edge electrode 
342 and edge electrode 341 (not shown here). 
Accordingly, faceplate structure 320 of Figs. 18b and 

15 19 is particularly suitable for use in flat panel 

display 650 of Fig. 17. However, one or both of face 
electrodes 346 and 347 can be deleted so that faceplate 
structure 320 of Figs. 18b and 19 is suitable for use 
in any of displays 300, 500, 600, 700, and 800. 

20 Referring to Fig. 18a, black matrix 386 consists 

of (a) a group of row strips 391 extending in the row 
direction and (b) an adjoining taller patterned portion 
3 92 formed with bars extending in the row direction and 
strips extending in the column direction. One row 

25 strip 391 is depicted in Fig. 18a. A row channel 393 
is present above each row strip 391. The row bars of 
patterned portion 3 92 form the sidewalls of row : 
channels 3 93. 

Turning to Figs. 18b and 19, a main structure 

30 consisting of anode layer 387 is formed on light 
emissive elements 385 and black matrix 386. Row 
channels 3 93 thereby become channels (recessed spaces) 
394 in anode layer 387. The faceplate-side end of 
spacer 340 is inserted into one of channels 394. 

35 Accordingly, edge electrode 342 of spacer 340 contacts 
focus coating 387 in channel 394. The positive side of 



-47- 



WO 99A36935 



PCT/US99/01026 



voltage source 350 (not shown here) is connected to 
anode layer 387 so that anode 387 is maintained at a 
high voltage during display operation. 

The interior surface of faceplate 321 lies in a 
faceplate plane 308 as shown in Fig. 19. Anode layer 
3 87, specifically its exposed surface, forms a 
faceplate-side non-planar approximately equipotential 
surface. The highest parts of anode 387 are situated 
on the row bars of black matrix portion 3 92 at a 
distance c s above faceplate plane 308. The lowest parts 
of anode 387 are situated on light emissive elements 

— ? 85 at a distance^ c b above_ plane 308 The faceplate 

side non-planar equipotential surface formed with anode 
3 87 is thus situated above plane 308 at a distance 
varying from c b to c s . 

Faceplate structure 320, including anode layer 
387, has an electrical end situated at a distance c e 
above faceplate plane 308. Distance c e lies between c b 
and c s . The electrical end of faceplate structure 320 
is located in a faceplate -side electrical -end plane 309 
extending parallel to faceplate plane 3 08. As with 
backplate structure 33 0, the physical location of the 
electrical end of faceplate structure 320 is determined 
by using a potential -versus -height (or distance) graph 
of the type shown in Fig. 4. The electrical end of 
faceplate structure 320 occurs at the place where the 
extrapolation of the straight line representing the 
potential relatively far away from faceplate structure 
320 intersects the horizontal axis. 

In this regard, the capacitance between backplate 
structure 33 0 and an electrically conductive plate 
situated at faceplate -side electrical -end plane 309 in 
a spacer- free region extending along anode 3 87 opposite 
at least one of focusing structures 338b-338f , or their 
equivalents in primary structure 334,- is typically 
approximately equal to the capacitance between 
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backplate structure 33 0 and faceplate structure 32 0, 
including anode 387, in the indicated spacer-free 
region. Assuming that no spacers contact focusing 
structures 338a-338e or their equivalents; the spacer- 
5 free region of the flat -panel display for purpose of 
this capacitance equality can, for example, be the 
region extending along anode 387 from (a) a vertical 
plane situated equidistant between focusing structures 
333a and 333b or their equivalents to (b) a vertical 

10 plane situated equidistant between focusing structures 
333e and 333f or their equivalents. 

For the same reason that the presence of face 
electrodes 343 and 344 causes the backplate -side 
electrical end of spacer 340 in flat panel display 500 

15 to be located up main spacer portion 34 0 spaced 

somewhat apart from backplate- side edge electrode 341, 
the presence of face electrode 347 in a flat-panel 
display employing components 320 and 340 of Figs. 24b 
and 25 causes the faceplate-side electrical end of 

20 spacer 340 to be located up spacer 340 spaced somewhat 
apart from faceplate -side edge electrode 342. 

The depth of channel 394 in anode layer 387 is 
chosen such that the faceplate-side electrical end of 
spacer 34 0 in Figs. 24b and 25 lies in backplate- side 

25 electrical -end plane 3 09. As a result, the potential 
field along spacer 340 near edge electrode 342 
approximates the potential field that would exist at 
the same location in free space between backplate 
structure 33 0 and faceplate structure 32 0, including 

30 anode 3 87. Except for electrons that actually strike 
spacer 34 0, the portion of spacer 34 0 near edge 
electrode 342 is largely electrically transparent to 
electrons moving from electron emitting structure 3 32 
to. light emitting structure 322. As with the 

35 backplate- side electrical-end matching, the degree to 
which spacer 340 is - electrically transparent to the 
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electron movement generally increases as the faceplate- 
side electrical -end of spacer 340 becomes closer to 
coincident with the electrical end of faceplate 
structure 320* 

5 Figs. 20a and 20b perspectively illustrate another 

embodiment of faceplate structure 320 configured to 
achieve faceplate- side electrical-end matching. Fig. 
20a shows how faceplate structure 320 appears before 
anode 387 is formed, and consequently, before spacer 

10 34 0 is brought into contact with anode 387. Fig. 20b 
depicts the situation after anode 387 is formed and 
spacer .34 0 is contacted-with - anode 3 87 . Fig . 21 - 
presents a cross section of faceplate structure 32 0 and 
spacer 340 of Fig. 2 0b taken along the vertical * plane 

15 indicated by arrow 21 in Fig. 18b. Faceplate structure 
320 of Figs. 20a, 20b, and 21 is a variation of 
faceplate structure 320 of Figs. 18a, 18b, and 19. 
Accordingly, similar elements in Figs. 18a, 18b, 19, 
20a, 2 0b, and 21 are labeled with the same reference 

20 symbols. 

The principal difference between faceplate 
structure 32 0 of Figs. 20a, 2 0b, and 21 and faceplate 
structure 320 of Figs. 18a, 18b, and 19 is in the 
configuration of black matrix 386. In Figs. 20a, 20b, 

25 and 21, black matrix 386 consists of (a) a group of row 
strips 3 95 extending in the row direction and (b) a 
group of taller column strips 3 96 extending in the 
column direction. Column strips 396 intersect, and 
partially overlie, row strips 3 95 as shown in Fig. 20a. 

30 A row channel is present above each row strip 395. Two 
row channels 397a and 397b are depicted in Fig. 20a. 
Column strips 3 96 are divided into segments having 
slanted ends that partially form the sidewalls of the 
row channels, such as channels 3 97a and 3 97b. 

35 As shown in Figs. 20b and 21, a main structure 

consisting of anode layer 3 87 is again formed on light 
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emissive elements 385 and black matrix 386. Row 
channels 3 97a and 3 97b thereby respectively become 
channels (recessed spaces) 398a and 398b in anode 387 
of Figs. 20b and 21. The faceplate -side end of spacer 
5 340 is inserted into channel 398a. Edge electrode 342 
thus contacts anode 387 in channel 398a. 

Anode layer 3 87 is shaped differently in faceplate 
structure 320 of Figs. 20b and 21 than in faceplate 
structure 32 0 of Figs. 18b and 19. However, anode 387 

10 still forms a faceplate-side non-planar approximately 
equipotential surface situated above faceplate plane 
308 at a distance varying from c b to c s . Likewise, the 
electrical end of faceplate structure 320 of Figs. 20b 
and 21 is located in backplate-side electrical-end 

15 plane 309 at distance c e above faceplate plane 308. 

Spacer 340 in Figs. 20b and 21 can be employed in 
the same flat panel displays as spacer 34 0 of Figs. 18b 
and 19. As with spacer 34 0 in Figs. 18b and 19 , the 
presence of face electrode 347 in Figs. 20b and 21 

20 causes the faceplate-side electrical end of spacer 340 
to be situated along main spacer portion 34 0a at a 
location spaced apart from faceplate-side edge 
electrode 342. Subject to substituting channel 398a 
for channel 3 94, the comments presented above about the 

25 faceplate-side electrical-end matching for faceplate 
structure 320 of Figs. 18b and 19 carry over 
identically to faceplate structure 320 of Figs. 20b 
and 21. 

As indicated above, components 320 and 340 in 
30 Figs. 18b and 19 or in Figs. 20b and 21 can be utilized 
in flat panel display 500, 700, 800, or 900. Since 
face electrode 34 7 is not present in such cases, the 
location of the faceplate-side electrical end of spacer 
340 is shifted to coincide with edge electrode 342. 
35 The corrective electron deflection variously 

achieved with face electrodes 346 and 347 in flat panel 
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display 600 and 650 may sometimes be insufficient to 
fully compensate for. the initial undesired electron 
deflection that results from the backplate-side 
electrical end of spacer 34 0 being located above 

5 primary electrical-end plane 304. Further corrective 
electron deflection is produced by configuring 
faceplate structure 320 and spacer 340 in the manner 
generally illustrated in Fig. 22. The configuration 
depicted in Fig. 22 is a variation of that shown in 

0 Fig. 21, similar elements in Figs. 21 and 22 being 
labeled with the same reference symbols. 

In the .configuration -of— Fig-. —2 2 ,~ spacer -34 0 -again — ~- 

consists of main spacer portion 34 0a, faceplate-side 
edge electrode 342, backplate-side edge electrode 341 

5 (not shown) , face electrode 346 (optional here) , and 
face electrode 34 7. The difference between the 
configurations of Figs. 21 and 22 is that face 
electrode 347 in the configuration of Fig. 22 is 
sufficiently wide that the spacer's faceplate-side 

0 electrical end is moved up spacer 34 0 sufficiently far 
towards its backplate-side electrical end that the 
spacer 1 s faceplate-side electrical end is no longer 
located approximately in faceplate-side electrical-end 
plane 309 and thus is no longer approximately 

5 coincident with the electrical end of faceplate 
structure 320. Specifically, the faceplate-side 
electrical end of spacer 34 0 in the configuration of 
Fig. 22 lies in a further spacer electrical-end plane 
399 situated above electrical-end plane 309. 

3 The potential at the faceplate-side electrical end 

of spacer 340 is the voltage applied by the positive 
side of voltage source 350 to anode 387. By having the 
spacer's backplate-side electrical end situated in 
spacer electrical-end plane 399 above main electrical- 

5 end plane 309, the potential field along spacer 340 in 
the vicinity of face electrode 347 is higher than the 
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potential field that would exist at the same location 
in free space between plate structures 320 and 330. 
This increased potential field attracts electrons and 
thereby provides additional corrective electron 
5 deflection. The magnitude of the additional 

compensating electron deflection is determined by 
various factors, especially the width of face electrode 
347. 

Fig. 23 illustrates a variation 675 of flat panel 

10 display 650 of Fig. 17 in which the faceplate- side 
electrical end of spacer 340 is located in spacer 
electrical-end plane 399 spaced apart from electrical- 
end plane 309. Because flat panel CRT display 675 is 
similar to display 650, similar elements in Figs. 17 

15 and 23 are labeled with the same reference symbols. In 
the orientation of Fig. 23, spacer electrical -end plane 
399 is closer to the spacer 1 s backplate-side electrical 
end than backplate-side electrical-end plane 309. - 
.Spacer 340 in flat panel display 675 does not 

20 employ face electrode 346. Also, edge electrode 341 at 
the backplate-side edge of spacer 34 0 does not extend 
into a groove into focusing structure 333a. Largely 
all of the corrective electron deflection produced in 
display 675 is achieved due the combination of (a) the 

25 presence of face electrode 347 and (b) having the 

faceplate- side electrical end of spacer 340 closer to 
its backplate-side electrical end than the electrical 
end of faceplate structure 320. 

Due to various effects, undesired initial electron 

3 0 deflection may occasionally occur in flat panel display 
300 or 500 even though the backplate-side electrical 
end of spacer 340 in display 300 or 500 is 
approximately coincident with the electrical end of 
backplate structure 330. In such cases, components 320 

35 and 340 in display 300 or 500 can be configured in the 
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manner shown in Fig. 22 or 23 to provide corrective 
electron deflection. 

Flat panel display 300, 500, 600, 650, 675, 700, 
800, or 900 is fabricated in the following manner. 
5 Plate structures 320 and 330, spacer 340 and other such 
spacers, and the outer, wall are separately fabricated. 
With spacer 340 and the other spacers, along with the 
outer wall, being appropriately inserted between plate 
structures 320 and 330, the separate display components 

10 are assembled in such a way that the pressure inside 
the sealed display is at a high vacuum, normally 10" 7 

torr or less . _• . . . . . . 

The present flat panel CRT display operates in the 
following way. With particular reference to display 

15 650 or 675, anode layer 387 is maintained at a high 

positive potential relative to control electrodes 368 
and the emitter electrodes of lower non- insulating 
region 366. When a suitable potential is applied 
between (a) a selected one of control electrodes 368 

20 and (b) a selected one of the emitter electrodes, the 
so-selected gate portion, such as gate portion 365 or 
366, extracts electrons from the selected set of 
electron emitting elements, such as set 361 or 362, and 
controls the magnitude of the resulting electron 

25 current. Desired levels of electron emission typically 
occur when the applied gate-to-cathode parallel plate 
electric field reaches 20 volts/pirn at a current density 
of 0.1 mA/cm 2 as measured at light emissive elements 385 
when they are high-voltage phosphors. 

30 Anode layer 387 attracts the extracted electrons 

towards the corresponding one of light emissive 
elements 385. Focusing system 333 helps focus the 
extracted electrons on corresponding light emissive 
element 385. When the electrons reach light emitting 

35 structure 322, they pass through anode layer 387 and 
strike corresponding light emissive element 385, 
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causing it to emit light visible on the exterior 
surface of faceplate 321. Other light emissive 
elements 3 85 are selectively activated in the same way. 
Some of the light emitted by light emissive elements 
5 385 initially travels towards backplate structure 330. 
Anode layer 389 reflects this light back towards the 
viewing surface to enhance the image strength. 

Directional terms such at "upper" have been 
employed in describing the present invention to 

10 establish a frame of reference by which the reader can 
more easily understand how the various parts of the 
invention fit together. In actual practice, the 
components of a flat-panel CRT display may be situated 
at orientations different from that implied by the 

15 directional terms used here. Inasmuch as directional 
terms are used for convenience to facilitate the 
description, the invention encompasses implementations 
in which the orientations differ from those strictly 
covered by the directional terms employed here. - 

20 While the invention has been described with 

reference to particular embodiments, this description 
is solely for the purpose of illustration and is not to 
be construed as limiting the scope of the invention 
claimed below. For instance, face electrodes analogous 

25 to face electrode 346 or 370 can be located on both 

face surfaces of main spacer portion 34 0a approximately 
opposite each other. Multiple such face electrodes 
spaced apart from any face electrode that extends to 
either electrical end of spacer 34 0 can be provided on 

3 0 either face surface of main spacer portion 34 0a. 

Instead of creating main spacer portion 34 0a from 
electrically resistive material having a largely 
uniform resistivity, spacer portion 34 0a can consist of 
an electrically insulating core covered with an 

35 electrically resistive coating. The resistive material 
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of spacer portion 34 0a may also be covered with a 
coating that inhibits secondary emission of electrons. 

Anode 387 can be replaced with another main 
structure which contacts the faceplate-side end of 
5 spacer 340 but does not serve as the display's anode. 
As an example, the main structure could be implemented 
with a black matrix having an electrically conductive 
outside surface, while the display's anode consists of 
a transparent electrical conductive layer situated 

10 between faceplate 321 and light emitting structure 322, 
including the so-modified black matrix. 

: The_^p_r inciples_ of - the -invent ion can -be -applied- to 

thin curved CRT displays. In this case, the planes 
described above are replaced with corresponding curved 

15 surfaces. Various modifications and applications may 
thus be made by those skilled in the art without 
departing from the true scope and spirit of the 
invention as defined in the appended claims. 
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WE CLAIM: 

1. A flat panel display comprising: 
a backplate structure comprising (a) a backplate, 
(b) an electron emitting structure overlying the 
5 backplate and having electron-emission sites situated 
generally in an emission-site plane, and (c) a primary 
structure overlying the backplate and having a non- 
planar approximately equipotential surface extending 
generally along the emission-site plane at a distance 
10 therefrom which varies between first and second values, 
the backplate structure having an electrical end 
located in an electrical-end plane extending generally 
parallel to the emission-site plane at a distance 
therefrom which lies between the first and second 
15 values; 

a faceplate structure coupled to the backplate 
structure to form a sealed enclosure; and 

a spacer situated between the backplate structure 
and the faceplate structure for resisting external 
20 forces exerted on the display, the spacer having a 

backplate-side electrical end located approximately in 
the electrical-end plane. 

2 . A display as in Claim 1 wherein the 
25 capacitance between the faceplate structure and an 
electrically conductive plate situated at the 
electrical -end plane in a spacer- free region extending 
along the primary structure approximately equals the 
capacitance between the faceplate structure and the 
30 backplate structure in the spacer- free region. 

3 . A display as in Claim 1 wherein the spacer is 
situated between the primary and faceplate structures. 

35 4. A display as in Claim 3 wherein the primary 

structure has a recessed space into which the spacer 
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20 



30 



extends, the top of the recessed space extending away 
from the emission-site plane to a distance therefrom 
approximately equal to one of the first and second 
values . 

5. A display as in Claim 4 wherein the spacer 
comprises : 

a main spacer portion; and 

an edge electrode overlying an edge of the main 
spacer portion and extending into the recessed space. 

6 . A display as in Claim 5 wherein the -spacer 
includes a face electrode situated along a face surface 
of the main spacer portion. 

7. A display as in Claim 6 wherein the face 
electrode contacts the edge electrode. 

8 . A display as in Claim 3 wherein the primary 
structure comprises a focusing system for focusing 
electrons emitted by the electron-emitting structure. 



9. A display as in Claim 3 wherein largely none 
of the non-planar approximately equipotential surface 

25 underlies the emission-site plane. 

10. A display as in Claim 9 wherein the primary 
structure comprises : 

a base structure through which a plurality of 
apertures extend, each exposing a set of electron 
emitting elements of the electron emitting structure; 
and 

an electrically conductive coating overlying the 
base structure and extending into the apertures, the 
35 conductive coating providing the non-planar 
approximately equipotential surface. 
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11. A display as in Claim 3 wherein largely none 
of the non-planar approximately equipotential surface 
overlies the emission-site plane. 

5 

. 12 . A display as in Claim 3 wherein the non- 
planar approximately equipotential surface partially 
overlies and partially underlies the emission-site 
plane . 

10 

13 . A display as in Claim 3 wherein the spacer 
generally becomes more electrically transparent to 
movement of electrons from the backplate structure to 
the faceplate structure during operation of the display 

15 as the electrical ends of the spacer and the backplate 
structure become closer to coincident . 

14 . A display as in Claim 1 wherein the faceplate 
structure comprises (a) a faceplate having an interior 

20 surface situated largely in a faceplate plane (b) a 

light emitting structure overlying the faceplate along 
its interior surface, and (c) a main structure 
overlying the faceplate along its interior surface and 
having a further non-planar approximately equipotential 

25 surface situated over the faceplate plane at a distance 
therefrom which varies between further first and second 
values, the faceplate structure having a further 
electrical end located in a further electrical-end 
plane situated generally parallel over the faceplate 

3 0 plane at a distance therefrom which lies between the 
further . first and second values, the spacer having a 
faceplate -side electrical end located approximately in 
the. further electrical-end plane. 

35 15. A display as in Claim 14 wherein the spacer 

is situated between the main and primary structures. 
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16. A flat panel display comprising: 
a backplate structure comprising (a) a backplate, 
(b) an electron emitting structure overlying the 
5 backplate and having electron-emission sites situated 
generally in an emission-site plane, and (c) a primary 
structure overlying the backplate and having a non- 
planar approximately equipotential surface extending 
generally along the emission- site plane at a distance 
10 therefrom which varies between first and second values, 
the backplate structure having an electrical end 

located in an electrical -end plane extending generally 

parallel to the emission- site plane at a distance 
therefrom which lies between the first and second 
15 values; 

a faceplate structure coupled to the backplate 
structure to form a sealed enclosure; and 

a spacer situated between the backplate structure 
and the faceplate structure for resisting external 

2 0 forces exerted on the display, the spacer having a 

backplate -side electrical end situated along the 
primary structure at a location spaced apart from the 
electrical -end plane, the spacer being provided with 
compensation structure for controlling the potential 
25 field along the spacer so that electrons emitted by the 
electron emitting structure strike target areas on the 
faceplate structure rather than striking outside the 
target areas due to the spacer's backplate -side 
electrical end being spaced apart from the electrical - 

3 0 end plane. 

17. A display as in Claim 16 wherein the 
capacitance between the faceplate structure and an 
electrically conductive plate situated at the 
35 electrical-end plane in a spacer-free region extending 
along the primary structure approximately equals the 
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capacitance between the faceplate structure and the 
backplate structure in the spacer- free region. 

18. A display as in Claim 16 wherein the spacer 
5 is situated between the primary and faceplate 

structures . 

19. A display as in Claim 18 wherein the spacer's 
backplate -side electrical end overlies the electrical- 

10 end plane and is thereby further away from the 

emission-site plane than the electrical end of the 
backplate structure. 

20. A display as in Claim 19 wherein the 
15 compensation structure is spaced apart from the 

spacer's backplate- side electrical end. 

21 A display as in Claim 20 further including 
control means for providing at least one signal to 
20 control the compensation means. 

22. A display as in Claim 20 wherein the spacer 
comprises : 

a main spacer portion; and 
25 a face electrode situated along a face surface of 

the main spacer portion and forming at least part of 
the compensation structure . 

23 . A display as in Claim 22 wherein the spacer 
3 0 has a faceplate- side electrical end located along the 

faceplate structure largely opposite the spacer's 
backplate-side electrical end, the face electrode 
extending largely to the spacer's faceplate-side 
electrical end. 

35 
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24. A display as in Claim 23 wherein the spacer 
further includes a faceplate-side edge electrode 
situated along an edge of the main spacer portion, 
extending largely to the faceplate structure, and 

5 contacting the face electrode. 

25. A display as in Claim 24 wherein the spacer 
further includes a backplate-side edge electrode 
situated along another edge of the main spacer portion 
and extending largely to the primary structure. 

26 A display as in Claim 22 wherein the spacer 

lias a faceplate-side electrical end located along the 
faceplate structure largely opposite the spacer's 
backplate-side electrical end, the face electrode 
spaced apart from both of the spacer's electrical ends. 

27. A display as in Claim 26 further including 
voltage -providing means for providing a compensation 
2 0 voltage to the face electrode. 



15 



28. A display as in Claim 26 wherein the spacer 
further includes : 

a backplate-side edge electrode situated along an 
edge of the main spacer portion and extending largely 
to the primary structure; and 

a faceplate-side edge electrode situated along 
another edge of the main spacer portion and extending 
largely to the faceplate structure. 

29. A display as in Claim 28 wherein the face 
electrode reaches a correction voltage resistively 
determined relative to the two edge electrodes. 
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30. A display as in Claim 28 wherein the primary 
structure comprises a focusing system for focusing 
electrons emitted by the electron-emitting structure. 

5 31. A display as in Claim 28 wherein the primary 

structure comprises : 

a base structure through which a plurality of 
apertures extend, each exposing a set of electron 
emitting elements of the. electron emitting structure; 
10 and 

an electrically conductive coating overlying the 
base structure and extending into the apertures, the 
conductive coating providing the non-planar 
approximately equipotential surface. 

15 

32. A display as in Claim 16 wherein the 
faceplate structure comprises a light emitting 
structure for emitting light upon being struck by 
electrons emitted by the electron emitting structure. 

20 

33. A display as in Claim 16 wherein the 
faceplate structure comprises (a) a faceplate having an 
interior surface situated largely in a faceplate plane, 
(b) a light emitting structure overlying the faceplate 

25 along its. interior surface, and (c) a main structure 

overlying the faceplate along its interior surface and 
having a further non-planar approximately equipotential 
surface situated over the faceplate plane at a distance 
therefrom which varies between further first and second 

JO values, the faceplate structure having a further 

electrical end located in a further electrical-end 
plane situated generally over the faceplate plane at a 
distance therefrom which lies between the further first 
and second values, the spacer having a faceplate-side 

15 electrical end spaced apart from the further 

electrical-end plane so as to assist the compensation 
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structure in controlling the potential field along the 
spacer such that electrons emitting by the electron 
emitting structure strike the target areas. 

5 34. A display as in Claim 33 wherein the spacer's 

faceplate-side electrical end overlies the further 
electrical -end plane and is thereby further away from 
the faceplate plane than the electrical end of the 
faceplate structure. 

0 

35. A display as in Claim 34 wherein the spacer 
is situated between the_„main and. primary, -structures . 

36. A display as in Claim 16 wherein the spacer 
comprises : 

a main spacer portion; and 

a face electrode situated along a face surface of 
a spacer, forming at least part of the compensation 
structure, and extending largely to the spacer's 
faceplate- side electrical end. 

37. A flat panel display comprising: 
a faceplate structure comprising (a) a faceplate 

having an interior surface situated largely in a 
faceplate plane, (b) a light emitting structure 
overlying the faceplate along its interior surface, and 
(c) a main structure overlying the faceplate along its 
interior surface and having a non-planar approximately 
equipotential surface situated over the faceplate plane 
at a distance therefrom which varies between first and 
second values, the faceplate structure having an 
electrical end located in an electrical-end plane 
situated generally parallel over the faceplate plane at 
a distance therefrom which lies between the first and 
second values; 
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a backplate structure coupled to the faceplate 
structure to form a sealed enclosure; and 

a spacer situated between the faceplate structure 
and the backplate structure for resisting external 
5 forces exerted on the display, the spacer having a 

faceplate- side electrical end located approximately in 
the electrical -end plane. 

38. A display as in Claim 37 wherein the 

0 capacitance between the backplate structure and an 
electrically conductive plate situated at the 
electrical -end plane in a spacer-free region extending 
along the main structure approximately equals the 
capacitance between the backplate structure and the 
faceplate structure in the spacer- free region. 

39. A display as in Claim 37 wherein the spacer 
is situated between the main and backplate structures. 

40. A display as in Claim 39 wherein the main 
structure has a recessed space into which the spacer 
extends, the top of the recessed space extending over 
the faceplate plane to a distance approximately equal 
to one of the first and second values . 

41. A display as in Claim 40 wherein the spacer 
comprises : 

a main spacer portion; and 

an edge electrode overlying an edge of the main 
spacer portion and extending into the recessed space . 

42. A display as in Claim 39 wherein the spacer 
generally becomes more electrically transparent to 
movement of electrons from the faceplate structure to 
the backplate structure during operation of the display 
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as the electrical ends of the spacer and the faceplate 
structure becomes closer to coincident . 

43. A display as in Claim 39 wherein the main 

5 structure comprises an anode for attracting electrons 
emitted from the backplate structure. 

44. A flat panel display comprising: 

a faceplate structure comprising (a) a faceplate 
10 having an interior surface situated largely in a 
faceplate plane, (b) a light emitting structure 

overlying the ._f.aceplat.e- along- its- -interior surf-ace 7 and 

(c) a main structure overlying the faceplate along its 
interior surface and having a non-planar approximately 
15 equipotential surface situated over the faceplate plane 
at a distance therefrom which varies between first and 
second values, the faceplate structure having an 
electrical end located in an electrical-end plane 
situated generally parallel over the faceplate plane at 
20 a distance therefrom which lies between the first and 
second values ; 

a backplate structure coupled to the faceplate 
structure to form a sealed enclosure; and 

a spacer situated between the faceplate structure 
25 and the backplate structure for resisting external 
forces exerted on the display, the spacer having a 
faceplate- side electrical end overlying the electrical - 
end plane so as to be further away from the faceplate 
plane than the electrical end of the faceplate 
30 structure. 

45. A display as in Claim 44 wherein the 
capacitance between the backplate structure and an 
electrically conductive plate situated at the 

3 5 electrical -end plane in a spacer- free region extending 
along the main structure approximately equals the 
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capacitance between the backplate structure and the 
faceplate structure in the spacer- free region. 

46. A display as in Claim 44 wherein the spacer 
5 is situated between the main and backplate structures. 

47. A display as in Claim 44 wherein the spacer 
comprises : 

a main spacer portion; and 
10 a face electrode situated along a face surface of 

a spacer, forming at least part of the compensation 
structure, and extending largely to the spacer's 
faceplate-side electrical end. 

15 48. A display as in Claim 44 wherein the main 

structure comprises an anode for attracting electrons 
emitted from the backplate structure. 

49. A display as in any of Claims 1-48 wherein 
2 0 the spacer comprises a spacer wall. 



50. A method comprising the steps of: 
forming a backplate structure to comprise (a) a 
backplate, (b) an electron emitting structure overlying 

25 the backplate and having electron- emission sites 

situated generally in an emission-site plane, and (c) a 
primary structure overlying the backplate and having a 
non-planar approximately equipotential surface 
extending generally along the emission- site plane at a 

3 0 distance therefrom which varies between first and 
second values, the backplate structure having an 
electrical end located in an electrical-end plane 
extending generally parallel to the emission- site plane 
at a distance therefrom which lies between the first 

35 and second values; and 
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coupling the backplate structure to the faceplate 
structure with a spacer inserted therebetween such that 
the spacer has an electrical end located approximately 
in the electrical-end plane. 

5 

51 . A method as in Claim 50 wherein the coupling 
step entails inserting the spacer between the primary 
and faceplate structures . 

10 52. A method as in Claim 51 wherein: 

the forming step includes providing the primary 

structure- with- a -recessed space ; and 

the coupling step includes inserting an edge of 
the spacer into the recessed space. 



15 



20 



53. A method as in Claim 51 further including the 
step of forming the spacer to comprise a main spacer 
portion and an edge electrode overlying an edge of the 
main spacer portion. 



54 . A method comprising the steps of : 
forming a backplate structure to comprise (a) a 
backplate, (b) an electron emitting structure overlying 
the backplate and having electron-emissive sites 

25 situated generally in an emission-site plane, and (c) a 
primary structure overlying the backplate and having a 
non-planar approximately equipotential service 
extending generally along the emission-site plane at a 
distance therefrom which varies between first and 

3 0 second values, the backplate structure having an 
electrical end located in an electrical-end plane 
extending generally parallel to the emission- site plane 
at a distance therefrom which lies between the first 
and second values; and 

35 coupling the backplate structure to the faceplate 

structure with a spacer inserted therebetween such that 
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the spacer has a backplate-side electrical end situated 
along the primary structure at a location spaced apart 
from the electrical -end plane, the spacer being 
provided with a compensation structure for controlling 
the potential field along the spacer so that electrons 
emitted by the electron-emitting structure strike 
target areas on the faceplate structure rather than 
striking outside the target areas due to the spacer's 
backplate-side electrical end being spaced apart from 
the electrical-end plane. 

55. A method as in Claim 54 wherein the coupling 
step entails inserting the spacer between the primary 
and faceplate structures . 



56. A method as in Claim 55 wherein the coupling 
step further entails arranging for the spacer's 
backplate-side electrical end to be further away from 
the emission-site plane than the electrical end of the 

20 backplate structure. 

57. A method as in Claim 56 wherein the coupling 
step further entails arranging for the compensation 
structure to be spaced apart from the spacer's 

25 backplate-side electrical end. 

58. A method as in any of Claims 50-57 wherein 
the spacer comprises a spacer wall . 
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